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AUTHOR'S PREFACE. 



This work originated as a reprint of an article on Spec- 
trum Analysis recently contributed to Fehling-Hell's ** Neues 
Handworterbuch der Chemie"; it was published as a sepa- 
rate book at the request of a number of competent authorities, 
but not without some hesitation on the part of the author, 
because in treating a subject in an encyclopedic article regard 
must be paid to the whole plan and scope of the work, whilst 
in a separate book the author is quite independent. 

The favorable reception accorded to the book when 
published gives rise to the hope that shortcomings arising 
from its origin are to some extent counterbalanced by a 
fulness of contents brought together in small space, by the 
strictly historical treatment of the subject adopted through- 
out the book, by tolerably full bibliographical references, and 
by the care which has been bestowed on the numerical tables 
serving for reference. In order to secure a degree of uni- 
formity hitherto wanting, the older measurements have been 
recalculated so as to bring them into accord with Rowland's 
system of wave-lengths. 

The Author. 

Braunschweig, 1898. 
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TRANSLATOR'S PREFACE. 



The claim of spectrum analysis to a place in a chemical 
curriculum is steadily obtaining increased recognition, and its 
importance is generally admitted both for students preparing 
for teaching, and for those who wish to engage in technologi- 
cal work. The subject may rightly demand a wider field since 
its pursuit furnishes so many opportunities for an excellent 
training in accuracy of observation and manipulative skill that 
it might, with great advantage, find place in a general science 
course. The expense is by no means prohibitive, and is 
almost entirely confined to the first cost of the instruments, 
which, with proper care,, last for years, and even with the 
cheaper and smaller ones, such as Brownings Students' 
Spectroscope," which costs about $30, much interesting work 
can be done and valuable discipline obtained. 

Of the works on spectrum analysis hitherto published in 
English, none are suitable as text-books, either on account of 
their size and consequent cost, or from the manner in which 
the subject is presented. 

It is hoped that this little book may, in some degree, sup- 
ply this lack. 

There has been no attempt to treat the subject exhaus- 
tively, but rather to indicate the more salient points of theory, 
etc., leaving it to the teacher to complete and expand them 
at his own discretion. 

No doubt it would be well if all students were compelled 
to take a course in general physics before attacking chemistry, 

vii 



viii 



TRANSLA TOR *S PREFA CE. 



but at present this is a state of things not realized in practice; 
to those who have followed such a course the physical section 
of the book should be superfluous; but it may serve to call 
the attention of the others to matters on which they should 
obtain more instruction. The tables of wave-lengths will, it 
is hoped, be useful in the practical work which would prob- 
ably constitute the greater portion of the course. The posi- 
tion of the more prominent lines and bands can, by their 
help, be at once ascertained, and their actual occurrence and 
identification facilitated. 

Lewis Institute, 
Chicago, III., Dec. 1897. 
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SPECTRUM ANALYSIS. 



CHAPTER I. 
INTRODUCTORY. HISTORICAL. 

Spectrum Analysis is a chemico-analytical method by 
means of which it is possible to determine the constituents of 
a substance, by observing the refraction (dispersion), or the 
diffraction of light-rays. Its further development offers a 
means of investigating the molecular structure of matter. 
The image which is produced when light-rays are refracted is 
termed a spectrum. White-hot solid bodies emit rays of all 
refrangibility, and give a continuous spectrum; glowing gases 
or vapors emit rays of definite refrangibility, and therefore 
yield a discontinuous spectrum consisting of bright lines which 
are characteristic of each substance, and which consequently 
serve for its identification whether it occurs alone, or together 
with other bodies. When the rays from a white-hot solid 
pass through a colored medium some of them are retained 
giving an absorption spectrnvi, which varies with the chemical 
composition of the medium. 

Spectra-reactions are characterized by an extreme delicacy 
far exceeding that of chemical tests, and therefore their 
employment has led to the discovery of a number of new 
elements which occur only in small quantity. Since the 
distance of the source of light has little effect on a spectrum, 
the method can be employed for the investigation of celestial 
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bodies: it has extended our knowledge of their nature to an 
extent which was previously entirely unattainable. 

Historical.' — Spectrum Analysis was founded by Kirch- 
hoff and Bunsen in 1859, subsequently developed. 

Other observers had previously noticed spectrum lines, and 
had suggested the application of spectroscopic observations 
to chemical analysis, but their efforts were fruitless, as at 
that time it was not certain whether the bright lines of a 
glowing gas were solely dependent on its chemical composi- 
tion. The sodium reaction was particularly misleading as it 
was often observed when the presence of this metal was not 
suspected, and was therefore variously ascribed to sodium, to 
sulphur, or to water. The yellow sodium flame was first 
noticed by Thomas Melville* in 1752, but he was unable to 
determine its origin. John Herschel' in 1822 investigated 
the spectra of many colored flames, particularly those given 
by strontium, copper, and boric acid, and in 1827 showed 
that by this means the substances giving the colors could be 
recognized even when present only in extremely small quan- 
tity. Fox Talbot* in 1826 expressed himself still more 
definitely, stating that if his theory that certain bodies gave 
characteristic lines should prove to be correct, then a glance 
at the prismatic spectrum of a flame would suffice to identify 
substances which would otherwise require a tedious chemical 
analysis for their detection. In 1834 he crirrectly described 
the lithium and strontium spectra, and again pointed out that 



* Kopp, Entwickclung der Chemie in der neuren Zeit (MUnchen, 1873). 
pp. 215. 642. Kirchhoff, Zur Geschichte der Spcctralanalyse. P. A. 118, 
94, 102. Brewster, C. r. 62, 17. Kahlbaum, Aus der Vorgeschichte der 
Spcctralanalyse (Basel, 1888). Rosenbcrger, Geschichte der Physik, 3 
(Braunschweig. 1890). Stokes, N. 13, 188. P. M. [4] 26, 250. Talbot. 
P. R. S. E. 7, 461. 

* Edinb. Phys. and Lit. Essays, 2. 12. 

» T. R. S. E. (1823) 9. P. A. (1829) 16. On the theory of light (Lon- 
don, 1828). 

* Brewster's Journ. of Sci. 6. P. M. (1833) [3J 3, 35; (1S36), 9. 3. 
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such optical methods permitted of the identification of these 
elements with a minimum quantity of substance, and with an 
exactitude equalling, if not excelling, that attained by any 
other process. Doubt was, however, cast on this conclusion 
by contradictory statements in the same communications, and 
the method of analysis was rendered fundamentally dubious, 
because, in opposition to Herschel, Talbot maintained that 
the reactions could be produced by the simple presence of the 
substance in the flame, its volatilization not being necessary. 
W. A. Miller* published in 1845 an investigation on tfte 
spectra of the alkali metals; diagrams were given, but the 
results did not constitute any great advance, as he had 
employed a luminous flame, and was therefore unable to 
determine what was characteristic of any particular metal. 
In 1856 Swan* definitely proved that the yellow line which 
is almost always present is peculiar to sodium compounds, 
and that the frequency of its occurrence is due to the almost 
universal distribution of sodium salts. In his work on the 
prismatic spectra of the hydrocarbons Swan showed that the 
lines observed are constant in position; he thus made a valu- 
able contribution towards the solution of the question as to 
whether the bright lines of a glowing gas are exclusively 
dependent on its chemical composition. The definite and 
general answer to this problem was, however, not given by 
Swan, but by Kirchhoff and Bunsen. 

The spectra of the electric spark had been under obser- 
vation simultaneously with those of flames; Wollaston * 
detected a large number of bright lines, but without ofTcring 
any clue to their origin. He was also the first to describe 
the dark lines in the solar spectrum, and he improved the 
apparatus employed by substituting a narrow slit for the cir- 
cular opening which Newton had used to admit the light. 

» B. A. R. 1845. P. M. [3] 27. Gi. 
« T. R. S. E. 3. 376: (1857) 21, 353. 
» P. T. 1802. p. 365. 
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Fraunhofer' was scarcely more successful than WoUaston sa 
far as the origin of the bright lines was concerned : his fame 
rests on the discovery of the diffraction grating, the measure- 
ment of wave-lengths which its use permitted, and on the 
observation of the dark lines in the solar spectrum which bear 
his name. He drew 350 of these, and finding that they 
varied from those observed in stellar spectra, he concluded 
that they originate in the sun and stars, and are not due to 
the earth's atmosphere. Wheatstone* in 1835 found that 
with the use of different metallic electrodes the spectra vary, 
but they remain constant no matter whether the discharge 
takes place in air, hydrogen, or in a vacuum; he therefore 
concluded that the metal is volatilized, but not burnt, by the 
passage of the spark. He published drawings of the spectra 
of sodium, mercury, zinc, cadmium, bismuth, tin, and lead, 
and recommended the method for analytical purposes. 

The spectra of various metals volatilized in air were 
studied, although less thoroughly, by Foucault * in 1849; he 
also observed the dark /^-line, since known as the reversed 
sodium line, but failed to draw the important conclusion from 
this which Kirchhoff subsequently made. Masson,* wha 
improved the method of working, using condensers charged 
by induction-currents, investigated the spark-spectra of iron, 
tin, antimony, bismuth, copper, lead, cadmium, and carbon; 
in all these cases he noticed that the lines due to moist air 
were present, although he was ignorant of their origin. This 
was indicated by Angstrom's ' important work published in 
1853. He showed that the lines which occur in the space 
between the electrodes are due to air or to any other gas 

> Denkschriflen der Mlinchener Akad., 1S14, 1815; Gilbert's Ann. 74, 
337. 

« H. A. R. 1835. C. N. 3, 19S. P. M. [3] 7. 

^ Insiitul. 1849, p. 44. 

* A. c. p. (1S51) [3] 31, 295. 

^ K. Veienskaps Akad. Handl. (Stockholm, 1853), P* 335' P- A. (185s) 
94. 141. 
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which may be present, whilst those close to the electrodes are 

e 

given by the metals. Angstrom also drew and described the 
spectra of a large number of metals and non-metals, and 
almost discovered the relationship between the emission and 
absorption of light, since he stated, in accordance with a sug- 
gestion of Euler, that at a common temperature bodies absorb 
the same vibrations which they are capable of producing. 
In 1858 Plucker' commenced his investigations of the spectra 
produced by the passage of an electric current through highly 
rarefied gases. He found that the elementary gases, or 
the constituents liberated from compound gases, are char- 
acterized by bright lines. Similar work was pursued by 
van der Willigen,' who in 1859 ^'^o showed that platinum 
electrodes moistened with a salt solution give the spectrum 
of the salt, and that it is therefore unnecessary to use the 
metal itself in order to obtain its spectrum. In the same year 
Kirchhoff and Bunsen* published their work ** Chemische 
Analyse durch Spectralbeobachtungen** ; their results were 
obtained to some extent independently of previous investiga- 
tors who, whilst frequently on the right path, had failed to 
reach the goal. They reduced spectral phenomena to a 
chemical-analytical method, and definitely proved that the 
bright lines produced by a glowing gas are dependent only 
on its' chemical composition. This law still forms the basis 
of spectrum analysis, but their second proposition has been 
subsequently considerably modified; it states that the manner 
in which the constituents of a substance are combined is with- 
out influence on their spectra, and that these are also almost 
entirely unaffected by the temperature and pressure of the 
vapor. After Roscoe and Clifton * had called attention to the 
difference between the spectrum of an element and those of 
its compounds, A. Mitscherlich * showed, in 1863. that every 

» P. A. 103. 88; 104. 113. 622; 106, 67: 107. 77, 415. 

* P. A. 106, 610; (1859) 107. 473. ' P A. 110. 167. 

♦ P. M. P. S. ivS62. * P. A. (1863) 121, 3. 
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compound has its own peculiar spectrum, and that the exhi- 
bition of identical spectra by the various salts of an element 
is caused by these undergoing dissociation. In their first 
communication Kirchhoff and Bunsen described the spectra 
of the metals of the alkalis and alkaline earths, and showed 
the great delicacy of the method, which permits of the recog- 
nition of substances when present in quantity far too smal> 
for detection by the ordinary processes; they also pointed out 
the great extension which it gives to our knowledge of the 
distribution of the elements, and indicated that it would 
probably lead to the recognition of new ones. The correct- 
ness of this view has been proved by the discovery of caesium, 
rubidium, thallium, indium, gallium, and many metals of the 
rare earths, all by means of spectrum analysis. 

The development of spectrum analysis received a special 
impulse from its application to astronomy. Kirchhoff ' pr6ved 
mathematically that for every ray of light the relationship 
between the emissive and absorptive powers of all bodies is 
alike at uniform temperatures; this explained the origin of the 
Fraunhofer lines, and led to the investigation of the chemical 
composition of the sun and its atmosphere. The discovery 
of this law of exchanges induced Kirchhoff to prepare more 
exact drawings of the solar spectrum, and to accurately com- 
pare the positions of the Fraunhofer lines with those in the 
spectra of many terrestrial substances. He employed for this 
purpose an arbitrary scale, as did also Huggins,* who extended 

o 

these observations. To Angstrom ' belongs the credit of sub- 
stituting the wave-length for the scale as a means of determin- 
ing the position of the lines, and his measurements, and atlas 
of the solar lines, remained for twenty years the foundation 

o 

of all spectroscopic investigations. Angstrom's work was 

^ Monatsbcr. Bed. Akad.. Oct. 27, 1859. 
« P. T. (1S64) 154. 

3 Recherches sur Ic spectre normal du solcil avec atlas de 6 planches. 
Upsala, 186S. 
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confined to the visible portion of the spectrum; it was com- 
pleted by Cornu's * researches on the ultra-violet, and by 
Langley's' and Abney's* on the infra-red. After Angstrom's 
death, Thal^n* showed that the metre he had employed was 
incorrect, and that consequently his wave-length determina- 
tions were too small. This was confirmed by Miiller and 
Kempf * in 1886; their measurements of 3CK) solar lines were 
carried out with great care, and became the basis of the 
Potsdam system. All these determinations were, however^ 
exceeded in accuracy by Rowland's* Atlas of the solar spec- 
trum, and his reproductions of normal lines, published in 1888 
and 1893 respectively. His discovery of the concave grating 
in 1891, and his ''coincidence *' method of determining the 
relative position of lines, has greatly aided spectroscopic \vork» 
since it admits of the production of photographs without the 
use of a lens, thus insuring a high degree of comparative 
accuracy. 

For a considerable time the measurement of the spectra 
of terrestrial substances did not keep pace with that of the 
solar spectrum; Kirchhoff's and Huggins' determinations were 
duly superseded by the more accurate ones of Thalen,' but 
these were confined to the visible spectrum. Apart from 
W. A. Miller's' incomplete work on the ultra-violet in 1862, 
Lockyer* in 1881 was the first to accurately investigate the 

• Spectre normal du soleil. Parlie ultraviolette (Paris, 1881), p. 22. 
« P. M. [5] 21, 394: 22. 149; 26. 505. 

» P. T. 18S0, p. 653. W. A. Beibl. 4. 375: 6. 507. C. r. 90. 182. 

• Spectre du fer. Acta R. Soc. Scient. Upsala, (1884) [3], p. 49. W. A. 
Beibl. 9, 520. 

• Publ. d. Astrophys. Obs. zu Potsdam (1886). 6. 

• Photographic Map of the normal Solar Spectrum, Johns Hopkins 
Univ., Baltimore. Astronomy and Astrophysics (1893), 12, 321. P. M. 
(1894) [5] 36, 49. 

^ N. A. S. U. (1868) [3] 6. 
P. T. (1862") 152, 861. 

• P. T. (1873) 163, 253, 639; (1874) 164. 479. 805. P. R. S. 26, 546; 27, 
49. 279, 409; 28, 157. 
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subject, but he soon quitted it, and its fuller examination was 
reserved for Hartley and Adeney,* and Liveing and Dewar.* 

Since 1888 Kayser and Runge* have met with great suc- 
cess in their important task of measuring the emission-spectra 
of terrestrial substances by Rowland's method. They com- 
menced the work in order to determine the relationship of 
the various lines of an element, and also that of the lines of 
different elements. Attempts had been made in this direction 
shortly after the discovery of spectrum analysis by KirchhofT 
and Bunscn; it was at first believed that the relationship of 
the lines was similar to the sound-waves of a vibrating string, 
which consist of a fundamental note and harmonic overtones. 
This view was shown by Schuster* in 1880 to be incorrect, 
and in 1885 Balmcr * discovered a formula which accurately 
reproduces the hydrogen lines in wave-lengths. These inves- 
tigations, together with the observations of Liveing and 
Dcwar* on harmonic series of similar lines, are naturally con- 
nected with Kayser and Runge*s work, which has led to the 
discovery of the methodical structure of a series of spectra. 
Rydberg,' working independently of Kayser and Runge, has 
obtained similar results. Investigations of this nature have 
tended to greatly widen the domain of spectrum analysis. 
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^ C. r. (1890) 110. 394. K. Vetenskaps Akad. Handl., 23 (Stockholm, 
1S90). 
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PHYSICAL PROPERTIES OF LIGHT.' 

According to Huygens* universally accepted theory, 
light consists of wave-motions of the ether, the vibrations 
being transmitted from particle to particle with an extremely 
high velocity in straight lines; the vibrations of the particles 
of ether are at right angles to the path of the ray. On 
account of the great elasticity of the ether, and the ease with 
which the vibrations are further propagated, single rays can- 
not be obtained, but only pencils consisting of a number of 
rays, which may be considered to be parallel if it is assumed 
that the vibrations are very small, or at a great distance from 
the source. The varying frequency of the vibrations produces 
in the eye the effect of color; the number of vibrations is 
constant for each color, but in a given medium the wave- 
length differs. Since all light-rays are transmitted with a 
uniform velocity in the free ether or in a vacuum, and almost 
so in air, the number of vibrations is small or great in propor- 
tion as the waves are long or short. 

Wave-length. — It is possible to directly determine the 
wave-length corresponding with a given color in air, and it is 
found that at the extremity of the visible red the wave-length 
(^) of the A'line = 0.00076 mm., that of the yellow Z>,-line 
= 0.000589 mm., and that of the A'-line at the limit of the 
visible violet = 0.00039 mm. The velocity (V) of light is 

* Comp. Fchling-Hell's Handw6rterbuch, 4, 87, and text-books of Phy- 
sics. 

II 
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known to be about 300,ocx) kilometres per second; the num- 
ber of vibrations (//) is obtained by the expression « = 

A 

In this manner it is found that the number of vibrations of 
the above three lines = 395, 509, and 763 billions per second 
respectively. These numbers are inconceivably great, and 
awkward to write, and it is therefore usual to define the color 
by the wave-length, although this varies with the medium. 
In dealing with wave-lengths measured in a vacuum, the 
millionth part of a millimetre = 0.001 mikron is taken as the 
unit, and, in accordance with Kayser's suggestion, it is repre- 
sented by the symbol }xyL\ a tenth part of this = O.l/i/i is 
termed an Angstrom's unit. 

Reflection. — The light which falls on a rough nonlumin- 
ous body is partly absorbed or transmitted and the remainder 
thrown back on all sides, thus making the object visible; but 
smooth polished surfaces — mirrors — only reflect the light in 
certain definite directions; the perpendicular produced at the 
point of the reflecting surface where the ray impinges is in the 
same plane as the incident and reflected ray, and both form 
identical angles with it. 

Refraction. — The passage of light from one medium to 
another — for instance, from air into water or glass — causes a 
part of it to be thrown back in accordance with the law of 
reflection, whilst the remainder traverses the new medium, but 

not in a straight line; its path is 
deflected (Fig. i), a process which is 
known as refraction. Th^ incident 
ray ac and the refracted ray eb are in 
the same plane as the normal ed of 
the new medium; if the light passes 
from a rare to a denser medium, the 
Fig. 1. refracted ray approaches the perpen- 

dicular, otherwise it recedes from it. In order that refraction 
may take place the incident ray must form an acute angle 
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with the normal ; if it forms a right angle, it traverses the 
medium in a straight line. Every incident angle corresponds 
with a particular refractive angle; the sine ac of the incident 
angle i bears a definite relationship ;/ to the sine bd of the 
angle of refraction r, in accordance with Snell's law, so that 

sin i sin i , , 

n = -: or sm r — or sin i = ;/ sm r. 

sm r n 

This relationship is termed the refractive index, or coeffi- 
cient of refraction, and differs for every transparent substance. 
The refractive indices of the following substances are for 
Z?-light, and at a temperature of 20°: 



Water 1 3333 

Alcohol 1. 3616 

Carbon bisulphide 1.6276 

nr-Bromonaphthalene i .6582 

Ethylic cinnamate (at 18.8°) 1.5607 

Crown glass 1.515-1.615 

Flint glass 1.614-1.762 

Jena, heaviest silicate flint glass, No. 557 1.9625 

Quartz (ordinary ray) 1.5442 

Fluor-spar i«4339 

Air (0° and 760 mm.) 1.0002922 



Plates with plane parallel surfaces cause the incident ray 
to be as much deflected towards the perpendicular as the issu- 
ing ray is bent from it; the two rays are therefore parallel to 
one another. 

Prisms. — A prism is a wedge-shaped transparent object 
with two polished surfaces forming an angle with one another. 
The section of an ordinary simple glass prism forms an equi- 
lateral triangle (Fig. 2); the polished sides AB and AC are 
the refracting surfaces, enclosing the refracting angle a and 
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forming the refracting edge A. If a ray of light in the plane 

of the section falls on one of 
the sides AB or AC, it is bent 
at its entrance and exit, in ac- 
cordance with the law of refrac- 
tion, and approaches the thick 
portion of the prism. The ex- 
tent of this deflection is equal 
to the angled which the incident 
and issuing rays form with one 
another, and is also equal to the sum of the angle of incidence 
and that of the issuing ray, minus the refractive angle. The 
angles r, and a bear a certain interrelationship, and it is 
possible to calculate in what position of the prism the refrac- 
tion will be smallest; this can be confirmed by direct observa- 
tion. This minivium deviaiion occurs when the ray forms the 
same angle with the refracting surfaces externally and inter- 
nally, or, in other words, when it traverses the prism sym- 
metrically. The refractive index ;/ of the material of which 
the prism is composed may be calculated by the expression 

sin i W + ^) 

ft = ^ ' 

sin * 

the minimum deviation and angle of refraction being measured 
by means of the goniometer. 

Dispersion. — Refraction not only changes the direction 
of a ray of light, but, if it is not homogeneous, its nature is 
also modified; a ray of white light is converted into a rain- 
bow-colored band, as may be easily seen by the help of a 
prism. The polychromatic rays composing white light are 
transmitted with uniform velocity in a vacuum, but in a 
denser medium the more rapidly vibrating violet rays undergo 
a greater retardation than the red rays, which vibrate more 
slowly; the former are therefore refracted more strongly than 
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the latter. The component rays are more strongly refracted 
by passage through a second prism, but do not undergo any 
further decomposition; they are therefore simple or homo- 
geneous, and if combined by means of a lens white light is 
reproduced. 

These experiments, which are of fundamental importance 
both for spectrum analysis and for the theory of light, were 
first performed by Newton in 1668, and described in his 
^* Opticks " in 1675. He allowed a ray of sunlight to pass 
through a small hole in a window-shutter into a darkened 



room XY {Fxg. 3); he passed the rays through a prism ABC, 
which caused them to be deflected and resolved into the 
colored band PT, which he termed a spectrum, and which 
was received on the white screen MN, The colored rays 
when viewed by Newton through a second prism gave the 
impression of white light, but when they were made to 
traverse it separately they were not further decomposed, but 
only underwent a second refraction. 

Abnormal Dispersion. — The refractive index of a medium 
is, as a rule, greater the smaller the wave-length of the par- 
ticular light; in the visible spectrum the index steadily 
increases in passing from red to blue. Certain substances do 
not conform to this rule, their solutions, when employed as 
refracting and dispersing agents, exhibit the inverse relation- 




E 



Fio. 3. 
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ship between refractive index and dispersion. This phenome- 
non is termed abnormal dispersion.' 

Pure Spectra. — The colors obtained if the light is ad- 
mitted to the prism through a round opening, as in Newton's 
experiment, are never completely separated from one another, 
as the circular shape of the images causes them to overlap. 
In order to separate the various colors as completely as possi- 
ble, and obtain a pure spectrum, a narrow longitudinal slit 
has, since Wollaston's * time, been generally employed for the 
admission of the light. The number of images of the slit 
produced is equal to that of the different wave-lengths in the 
light employed, and consequently the narrower the slit the 
less do the images superpose: the spectrum thus obtained may 
be magnified to any desired extent. The resolving power of 
a prism, or system of prisms, is partly dependent on its dis- 
persion, but to a greater extent, as Rayleigh * has shown, on 
the distance which the ray traverses in its route through 
them. The thickness of heavy flint glass required to separate 
the Z>-lines = 1.02 cm.; taking this value, roughly i cm., as 
unit, the resolving power of a prism of similar glass in the 
region of the Z^-line is equal to its thickness in centimetres; 
in other parts of the spectrum it is inversely proportional to 
the cube of the wave-length, so that it is eight times greater 
in the violet than in the red, and therefore corresponds with 
the total thickness, or with the length o\ the base of the prism 
or system, but is independent of the number of prisms, of 
their angle, or of the order in which the various members of 
the system are arranged. 

Gratings. — An optical grating consists of a plate with a 
large number of parallel lines ruled upon it; this arrangement, 

' Christiansen. P. A. fiS7o) 141, 479; (1871) 143. 250. Kundl. P. A. 
(i«7i) 143. 259; 144, 123; (1372) 145.67. Sieben. W. A. (1879) 8, 137. 
Sellmeicr, P. A. 145, 396, 520; 147, 3S6, 525. H. v. HelmhoUz, Monais- 
bcr. Hcrl. Akad. (i374». P- 667. P. A. (1S74) 154, 5S2. 

' P. T. ( i.So2j p. 375. 

• P. M. U379) [rj 9, 269. 
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like a prism, produces spectra. Gratings were first employed 
by Fraunhofer,* who at first used a wire grating prepared by 
winding thin wire over two similar screws of very fine thread, 
placed parallel to one another; later he engraved numerous 
fine lines, closely adjacent and at regular intervals, on gold- 
leaf backed by glass, and finally employed glass plates with 
opaque lines cut by means of a diamond. The preparation 
of gratings has been greatly improved in more recent times 
by the use of good dividing-machines. Two kinds of gratings 
are made, the transparent ones of glass, with as many as 800 
lines per mm., and reflection gratings of speculum metal which 
reflects instead of transmitting the light; the latter are 
preferable for spectroscopic work, as less light is absorbed^ 
Rutherfurd, in the United States, considerably improved the 
construction of the reflection grating, and since 1882 their 
preparation has been carried to an extraordinarily high degree 
of perfection by Rowland at Baltimore. His plane and con- 
cave gratings with 10,000, 14,438, and 20,000 lines per inch 
are almost faultless, and comparatively free from scratches 
caused by irregularity of the diamond-point (Ghosts). 

Diffraction. — When a narrow illuminated slit is viewed 
through a glass grating, the lines of which are parallel with 
the edges of the slit, a bright image of it is observed with a 
series of spectra on each side ; the violet rays with the shortest 
wave-length are nearest, and the red rays most distant, from- 
the centre in each spectrum, and, if the colors are almost 
equally dispersed, the yellow will be found in the middle. The 
spectra are distinguished as of the first, second, . . . ;//th. 
order, counting from the centre. The spectra of the first 
order only are pure; the others are modified by the superpos- 
ing of other spectra, but they may be separated by means of 
a small prism as described in the following chapter. The 
intensity of the illumination diminishes with ascending order 
of the spectra. 

' Denkschriften d. MUnchener Akad. (1822) 8. Gilbert's Ann. 74, 337. 
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The production of spectra by means of gratings is due to 
diffraction; part of the light traversing the spaces between 
the rulings continues in a straight line, but a portion is bent 
sideways, or refracted, by the sharp edges of the opaque parts. 
The explanation of this phenomenon afforded by the wave- 
theory of light is as follows: The light-waves which fall on a 
fine slit cause the particles of ether present to vibrate; this 
motion is communicated to the neighboring particles and pro- 
duces an equal number of light-waves which reinforce, weaken, 
or neutralize each other, in accordance with the law of interfer- 
ence. The neutralization occurs in all directions in which the 
difference between two sets of waves is other than a whole 
wave-length. In the case of white light, diffracted by means 
of a grating, the image of the slit, in the middle, is white 
because at this point all the colors are superposed, but the 
colored rays which differ in phase by one wave-length collect 
at each side according to their wave-lengths, and form a 
spectrum of the first order; those rays with a greater differ- 
ence of phase forming the spectra of the second, third, . . . 
mXki order. 

The wave-length may be determined, if the distance 
between the lines of the grating is known, by measuring the 

o 

angle of diffraction with a gonimeter. Angstrom in this 
manner found the following values, in ten millionths of a milli- 
metre, for the Fraunhofer lines given: 

A B C Dx E F G H 

7604 6867 6563 5895 5269 4861 4307 3968 

The dispersive power of a grating is dependent on the 
total number of the spaces into which it is divided, and on 
the order of the spectrum; in one of the first order 1000 lines 
per inch are necessary to separate the Z>-lines, whilst a large 
Rowland grating, in a spectrum of the first order, is capable 
of dividing two lines differing in wave-length by only 0.05 of 

o 

an Angstrom. 
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Comparison of the Diffraction and Refraction Spectra. 

— Diffraction spectra differ from those produced by refraction 
in the dispersion of the rays being proportional to the wave- 
length, and this uniform extension applies although the dis- 
persion increases with the number of lines on the grating. 
The refraction in the case of a prism spectrum increases with 
diminishing wave-lengths; the violet and blue rays are there- 
fore comparatively widely separated, and the red ones gath- 
ered together. The length of the spectrum is also influenced 
by the composition of the prism, so that results obtained with 
different spectroscopes are not directly comparable; diffractive 
spectra are therefore taken as typical or normal, and all scale 
readings with a prism s;:ectroscope are reduced to wave- 
lengths. The prism spectrum has the advantage over the 
diffraction spectrum of greater brightness, only a small pro- 
portion of the light is lost by reflection and absorption, 
whereas with the grating a portion of the light passes through 
without being diffracted, a portion is weakened by interfer- 
ence, and the remainder is divided amongst a number of 
spectra instead of being concentrated into one as in the case 
of the prism. The prism spectrum is therefore employed 
where the illumination is comparatively feeble, the grating 
being used for intense light and in cases where a high dis- 
persion is necessary. A large Rowland grating in the region 
of the Z?-line produces the same effect as a prism 126 cm. in 
thickness; in the violet this proportion changes in favor of the 
prism; at A, = 2000 the same separation is attained by 
means of a prism only 4 cm. in thickness. 
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SPECTROSCOPES. 

The numerous forms of instruments for spectrum analysis 
are all divisible into two classes, prism spectroscopes* with 
angular or direct vision, and grating spectroscopes." The 
forms vary according to the special purpose for which the 
instrument is to be employed, such as exact measurements, 
quantitative and photometrical investigations, microscopical 
or astronomical observations, or for the preparation of spec- 
troscopic photographs. 

Prism Spectroscope with Angular Vision. — The appa- 
ratus employed by Kirchhoff and Bunsen ' in their earlier 
investigations is shown in Fig. 4. It consists of a hollow 
glass prism F filled with carbon bisulphide, of a telescope C 
magnifying eight times, and of the slit tube or collimator 
at the end nearest to the light; this is closed with a plate 
pierced with a fine slit; the other end contains a lens which 
makes the light-rays coming from D parallel before they fall 
on the prism. Shortly afterwards Steinheil of Munich con- 

* For information on the theory of the prism in the spectroscope sec 
Reusch, P. A. (1862) 117. 241. Pickering, Sillim. Journ. (1868) 45, 301. 
Christie, P. R. S. (1877) 26, 9. Thollon, Journ. de phys. d'Almeida (1878). 
7, 141. 

* For the theory of gratings see Rowland, P. M. (1892) [5] 13; 16, 197. 
Astronomy and Astrophysics (1S93). 12. 129. Ames, Johns Hopkins Univ. 
Circular (iSSg), 8. No. 73. P- <>9. P- M- (1889) [5] 27. Runge, Winkel- 
mann's Handb. d. Phys. (Hrcslau, 1894). p. 407. Glazebrook, P. M. (1889) 
[5] 27. Mascart, Journ. d. phys. d'Almeida (1883) [2] 2. Lord Rayleigh, 
P. M. (1874) [4] 47. 

* Chem. Analyse durch Spectralbcobachtungen, P. A. 110, 167. 
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structed for them an improved form of spectroscope (Fig. 5) 
which is stiil in use. A flint-glass prism P of 60^ is fastened 
to a cast-iron stand which also carries the colHmator-tube 




Fic 5. 



the telescope and the telescope C cnntainin^ a scale. The 
fnechanism for producing the slit carried by the coliimator- 
tube is shown enlarged in Fig. 6. The width of the slit can 
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be regulated by a micrometer-screw ; on the lower end a small 
reflecting prism (Fig, 7) is fixed, by means of which a second 
source of light, placed at the side, may be examined together 
with the first. With the apparatus arranged as in Fig. 5 
the spectrum of the flame /'appears above that of so that 
it is possible at a glance to see whether the former contains 
the substance sought, if a specimen of it is iiimultaneouhlv^ 
volatilized in the latter, A millimetre -scale S is contained in 
the tube C; it is illumiuated by a small luminous flame, and 




its image reflected by the adjacent side of the prism into the 
telescope In order to prepare such a spectroscope for use, 
the telescope B is detached, and adjusted to infinity by 
observing some fixed object at a considerable distance; if it 
contains cross- wires, these must be first focussed with the eye- 
piece; the telescope is then replaced, and the slit opened so 
that the spectrum lines are sharply jiefined, until, for instance, 
the sodium lines are resolved, and the scale-tube is drawn out 
to make the divisions clearly visible. In many modern instru- 
ments the length of the tubes v4 and C is adjusted to their 
lenses before they are sent out, so that only the eyepiece 
requires tocussing by each individual observer, 

The clearness of a spectrum is considerably influenced by 
the slit apparatus. The manufacture of these has greatly im- 
proved in the course of time, in finish, in the opening 
mechanism, and in the permanency of the material employed; 
the best substance for the edges is quartz, but platinum or 
brass is generally used. 
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The spectroscope above described is suitable for chemical 
laboratories, but not for astronomical purposes, for which a 
greater dispersion is necessary ; this may be obtained by the 
use of several prisms instead of one. The instrument made 
by Steinheil, and used by Kirchhoff in preparing his draw- 
ings of the solar spectrum, is shown in Fig, 8. It contains 




four prisms, and is at onc& .simple and sensitive* The prisms 
are of flint ([^lans with angles of 60°, 45°* 4$"", the light 

traverses them succes^iively, and is refracted through 130^, jso 
that the spectrum is greatly extended. The telescope /? 
enlarges 36 and 72 fimes, according to the lenses employed, 
and moves on a divided circle by means of a micrometer*screw 
J?* with the help of the cross- ^vires the distance between two 
lines may be readily measured; the slit is regulated by a 
sliding micrometer, and is provided with a comparison-prism. 

The measurements may also be made with an illuminated 
scale in a second telescope (not shown in the figure): this is 
sometimes inconvenient, as the spectrum is so much longer 
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than the scale that the latter requires frequent readjustment. 
In the above instrument the prisms are moved by hand into 
the position of minimum dispersion for any given color; this 
is unsatisfactory: the arrangement devised by Browning 
{Fig* 9} makes the adjustment automatic. The prisms are 




Fig* 9. 



connected to each other, and to the ob5er%^at!on*telescope, by 
hinges, and are fixed on metal jdates the other ends of which 
are suitably cut to receive a central screw ; on rotating the 
telescope B to any particular line in the spectrum » the prisms 
move with it» so tliat the ray traverses then symmetrically, 
Gassiot's spectroscope, constructed by Browning on this plan, 
contained nine prisms and possessed high refractive power. 

There are several other ways by which the dispersion may 
be increased; instead of using several prisms the light may be 
repeatedly passed through a single one, or hollow prisms filled 
with some liquid of high refractive power may be employed, 



Acting oil a suggestion of Littrow, ' Grubb,' C. A, Young, 
and Lockyer caused the Iiglit to pass twice through the same 




prism, as shown in I'^'g* lo. The ray passes first through 
the upper part of the prism and is then returned through the 
lower portion by means of a reflecting prism^ The instru- 
ment shown is made by Browning; it is extremely powerful, 
and suitable both for laboratory and stellar work. It contains 
six prisms, besides the reflecting prism, and consequently the 
dispersive power is equal to that of twelve prisms. The posi- 
tion of any one prism can be altered at will, without interfer- 
ence with the other parts of the instrument, so that the 
dispersive power can be readily changed from two up to 
twelve prisms as required* The adjustment of the prisms to 
the position of minimum dispersion is made automatically in 



» Wien. Ber 47, a. p. 

* MoT)th]y notices of ihe Roy. Astron. Sac* 30, 36, 
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the manner described above; the position of the spectrum- 
lines is measured by mean^ of a micrometer-screw, the move- 
ment of which also adjusts the prisms, Hilger of London 
constructed a large spectroscope in which the ray of light was 
passed six times through the same prism. The application 
of this method ^ and also the number of prisms which can be 
employed, is limited; the longer the spectrum the less bright 
any given portion must necessarily be. Moreover^ the glass 
of which the prisms are composed is never absolutely homo- 
geneous, nor the faces perfectly true ; hence when many 
prisms are used there is a loss of clearness and definition. 
Ordinary prisms are greatly surpassed in dispersive power by 
the compound prism of Browning and of Rutherfurd,^ which 
bears the name of the latter. It consists of a flint-glass prism 




Fic, 11, 



with its faces at such an angle that light which enters cannot 
emerge; in order to permit this, compensating prisms of crown 
glass, and therefore with a lower dispersive power* are 
cemented to each side face. This u?e of crown glass has 
comparatively little effect on the dispersion, 

ThoUon' constructed an instrument which, whilst probably 



' Sniim. Journ. (1S65) [3] 36, 71. 407. 
* C r. a$. 339, 395. 595 : 66. Bo; 69. 749. 



SPEC7\R0SC0P£S. 



27 



unsurpassed in dispersive power, contains only a small number 
of prisms (Fig. 11). Its efficiency is due partly to careful 
calculation of the most suitable angles for the faces of the 
prisms, partly to their being filled with carbon bisulphide, 
which has a high refractive power (comp. preceding chapter). 
Only compound prisms are used, one 



of which is shown in Fig. 12. The 
refractive angle of the inner flint- 
glass prism is 90°, that of the carbon 




bisulphide prism 113°, and of the fig. n. 

crown-glass prism 18 and 31" respectively. The light passes 
from the collimator CBA through the compound prism A 
(Fig. 13). then through the half-prism B, to the reflecting 




Fig. 13. 



prism P\ it now returns at a lower level, traversing the sym- 
metrically arranged system A'B'P\ and finally emerges below 
the prism A. The telescope {E, Fig. 11) of this instrument 
is fixed, the prisms being movable, and maintaining the posi- 
tion of minimum dispersion. The screw F serves to rotate 
the prisms, and also a strip of paper, such as is used in the 
Morse telegraph-instruments; when a line is observed at the 
point of intersection of the cross- wires the lever D is pressed, 
causing the marker to record the position on the paper. 
Prisms containing carbon bisulphide arc all subject to the 
disadvantage that its refractive power is greatly influenced by 
temperature, an increase of 0.1° C. being sufficient to alter 
the position of the lines to a distance equal to that between 
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the two sGdiuiii Z?-liiies. It is therefore necessary, when 
using such prisms, to take care that the temperature remains 
uniformly constant* To accomplish this, Rayleigh, and also 
Draper, employ automatic stirrers. It has been proposed to 
replace the carbon bisulphide by other highly refractive 
liquids: Wernicke has suggested ethylic cinnamate, and 
Waiter of-bromo-naphthalene as being suitable for this pur- 
pose. 

Direct-vision Spectroscopes. — With the spectroscope 
last dc!^cribed the emergent ray travels at an angle with the 
entering one; instruments in which the slit, lens, prism, and 
telescope are in a straight line are termed direct-vision spec- 
troscopes. They can be readily attached to a microscope or 
telescope, tliey are easy to handle and transport, are compara- 
tively cheap, and the source of light can be viewed directly, 
so that these advantages over the ordinary form have led to 
their wide use for practical purposes where a great dispersion 
is not required, Aniici in i860 constructed a compound 
prism which almost permitted of direct vision; it consisted of 
a fiint-glass prism ot 90", with a crown-glass prism on each 
side; Janssen * afterwards made a more elaborate system ( Fig, 
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14), consisting of three crown- and two flint-glass prisms, 
whichf whilst resolving the ray into its constituents, prevents 
its deflection. The spectrum from a flint-glass prism is 
almost double the length of that from a similar one of crown 
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glass, so that the dispersion is reduced by about one half in 
consequence of refraction in the opposite direction. It is 
only in a certain definite part of the spectrum, generally the 
green, that the incident and emergent rays follow the same 
path; the other portions are deflected to each side. The 
spectroscope constructed by Hofmann of Paris^ under the 
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direction of Janssen, is shown in Fig* 15* The slit S of 
steel, is regulated by means of a screw, and has a comparison- 
prism 1 the tube P contains the lens E and a compound prism 
(Fjg. 14); it is attached to the telescope /\ which can be 
adjusted to any portion of the spectrum by the screw X* 
For niost practical purposes a telescope is unnecessary. The 
instrument (Fig, 16) first constructed by Browning of London 
is very convenient, and is widely used t it is known as the 
direct-vision, pockety or miniature spectroscope. It consists 



30 



SPECTRUM ANALYSI::^. 



of the slitS, the size of which can be regulated by turning 
the cap J, the leas C, and the compound prism /*, composed 
of four crown* and three flint-glass prisms; the eyepiece A' 




is adjustable. Another form of the same instrument (Fig, 
17), also made by Browning, carries a detachable comparison- 




prism and a photographed micrometer-scale, which, together 
with a biconvex lens, is contained in a small tube fixed 
parallel with the larger tube by a slot attachment ; a reflection- 
prism throws the image of the scale on the outer surface of 
the last member of the compound prism, whence it is reflected 
into the eye of the observer. The instrument is only 8.5 cm. 
in length, and when in use is attached to a readily adjustable 
stand. Pocket spectroscopes similar to the simpler Browning 
form are manufactured by all instrument- makers. Guided by 
H, W. Vogel/ Schmidt and Haensch of Berlfn construct an 
instrument which, instead of the scale, has a small rotatable 
mirror; the light from this is projected on to a reflecting 
prism, and thence to the upper portion of the slit* The 
mirror and comparison prism can be readily disconnected 

^ Ber* 9, 1645; 10, 1498. 
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The majority of the above spectroscopes give a field 
extending only from the A- to the ^?4ine; the violet portion 
is almost completely absent. Adam Hilger of London coft- 
structs a direct- vision spectroscope which^ whilst somewhat 
longer than the others, is characterized by a high dispersive 
power. The spectrum extends from the extreme red beyond 
the //-line^ shows the two Z?-lines» and, when directed at tlie 
sun, the nickel lines between them. The instrument is fitted 
with an achromatic eyepiece, and a special arrangement which 
reflects a slender line of light on to the spectrtim to serve as 
a means of measurement; as the color and intensity of the 
line can be regulated, it permits, particularly in the darker 
portions of the spectrum, of far more accurate determinations 
than could be made with cross-M'ires. The measuring is per- 
formed with the help of a micrometer*scre\v attached to the 
slit, which it moves from end to end of the spectrum. 

Amongst other direct- vision spectroscopes ' Christies* * 
deserves mention on account of peculiarities in its construe* 
tion. He employed '* half-prisms/* which are so called 
because they may be regarded as the halves of a tripartient 
compensating prism; the refracting angle may vary: if it is 
90**, a long enlarged direct-vision spectrum is obtained, but 
the dispersion is not correspondingly great, and the illumina- 
tion is poor. Hitherto it has only been used in England. 

Grating Spectroscopes. — The advantages of diffraction- 
spectra have been already numerated, and it was mentioned 
that the grating spectroscope can only be used where the 
light is extremely bright, as In the case of the sun and elec- 
tric arc, since the loss of light is considerable* The instru- 
ment is usually employed in the form of a spectrometer, of 
which one variety is show^n in Fig. 20. The gratings are 
of glass or metal, the latter being preferable for exact 

^ Ale?t. Herschel, Monit* scieniif. 7, SSQ. Emsmann, P, A. 160» 636. 
Kessler* P. A. l&l, 5*>7* Fuchs, Zettschr. Instnimenuukundc, 1. 353* 
» R R. 26, a. 



32 



work. The general plan of a spectrometer is shown in Fig. 
iS- The grating m is at right angles with the collimator 

L, and secured to the bed of the 
instrument ; the telescope F is 
fitted with cross- wires, and 
situated at right angles with the 
axis of the instrument. The 
telescope is directed towards 
the slit and its position read 
off on the divided circle; homo- 
geneous light, such as the so- 
dium flame, is then allowed to 
fiill on the slit* and the telescope 
rotated until the spectra of the 
first, second, and third order 
are successively brought into 
the field of view, each position 
being noted ; the wave-length 
of sodium light being accurately 
known, the readings provide a 
means of measuring the wave- 
length of any other kind of 
light, since the wave-length of 
the latter bears the same pro- 
portion to that of sodium light 
as the corresponding scale read- 
ings. The wave-length can also be directly determined if 
the grating'Constant is known ; this is effected by counting 
under the microscope the number of lines in 1 mm. It wa*^ 
with such an instrument that Angstrom made his celebrated 
determinations of the lines in the solar spectrum, 

A simple form of spectroscope witli a reflex grating is 
shown in Fig, 19. The telescope and collimator are situated 
close together on separate mountings; the grating is enclosed 
in a case with a plane parallel glas^ front to protect it from 
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corrosive fumes* and is fixed on a revolving i^tand so that 
spectra of any desired order can be brought before the cross- 
wires of the telescope. The spectra of higher order overlap, 
but they may be easily separated by following Fraunhofer*s 
suggestion, and placing a prism betweeji the grating and tele- 




scope in such a position that the plane of refraction is at right 
angles to that of the grating; the spectra then appear clearly 
one above another, and can be separately observed* 

Rowland's Concave grating Spectroscope, — The de- 
velopment of spectrum analysis received a considerable impetus 
from Rowland's discovery of the concave grating in iS8k 
By its use measurements have attained a degree of accuracy 
otherwise unapproachable* and whilst this is specially true of 
the values obtained by the coincidence method, it also applies^ 
to wave-lengths directly determined [ it is the only instru- 
ment which is available for use with all rays, including the 
ultra- violet and tlie infra-red, and, as no lens is necessary 
between the slit and eyepiece ^ defects from loss of light or 
spherical aberration are avoided; the gratings being astig* 
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matic a luminous point, such as a spark, appears in the field 
of view as a line, thus greatly facilitating the comparison of 
solar lines with those of metals, and the enlargement of 
spectra. Photographs, both of the visible and invisible por- 
tions of the spectrum, are easily obtained, and their accuracy 
is necessarily far in excess of the drawings prepared from 
ocular observation ; as it is generally used in conjunction with 
a camera, its detailed description is reserved for the following 
chapter. When employed for ocular purposes, the camera is 
replaced by a cross-wires and micrometer; with a highly 
accurate screw of 125 mm. the measuring arrangement resem- 
bles a dividing-machine in exactitude rather than an ordinary 
micrometer. The use of an eyepiece with a focal length of 
i inch gives results equalling those obtained with a plane 
grating in combination with a telescope enlarging 100-200 
times. 



CHAPTER IV. 



SPECTROSCOPIC INSTRUMENTS FOR SPECIAL PURPOSES. 

Spectrometer. — This instrument is employed when exact 
measurements are required in spectrum analysis, the coeffi- 
cient of refraction being determined by the method of mini- 
mum dispersion. The numerous instruments on the market, 
whilst differing in detail, agree in principle; the one described 
here (Fig. 20) is constructed by Schmidt and Haensch of 
Berlin, according to the design of V. v. Lang. The stand 
can be adjusted horizontally by means of levelling-screws; it 
carries in the middle a pillar with a steel axis; in the centre 
at the upper end of this is a metal plate with a divided circle, 
at the lower end a clamp and six radial arms for the rotation 
of the axis; fitting over the central pillar is a stout bronze 
cylinder which carries the vernier circle at the top; an 
astronomical telescope with cross-wires and counterpoise is 
fastened to the side, whilst the clamping arrangement is 
attached below. The stand carries the micrometer-screws for 
the divided circle and vernier, and also the holder for the 
collimator, which is fitted with a lens, an adjustable slit, and 
a comparison-prism. Rising from the central pillar through 
the middle of the divided circle is a rod carrying a round 
plate, the height of which can be regulated ; it also is divided, 
has a fixed vernier, and serves to support the prism or grating. 
The circle is enclosed in a case fitted with windows, so as to 
protect it from corrosion; both it and the outer vernier-circle 
can be rotated independently; to facilitate readings the tele- 
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scope may also be moved wit lion t altering the position of the 
circle. The instrument is provided with a 
Gauss* eyepiece (Fig. 2J)^ in addition to one 
of the ordinary form; it has an openin*:^ (^) at 
the side, which admits Hght to a plane 
parallel glass plate placed behind it at an 
angle of 45^ with the axis of the telescope; the light is thus 
reflected on to the cross- wires* The correct orientation of 
the instrument is of considerable importance. The telescope 
is adjusted lo infinity and placed at right angles to the axis 
of rotation, the cross- wires and eyepiece being in sharp focus; 
the collimator must also be adjusted to infinity and fixed at 
right angles to the axis of rotation, whilst the refracting edge 
of the prism is parallel with this. 

The refractive index (;/) is calculated from the angle of 
refraction {^) and that of dispersion (D). In order to obtain 
the former, the telescope, fitted with the Gauss eyepiece, is 
adjusted at right angles to the first prism-face^ and then 
rotated until it is at right angles with the second face; the 
reading obtained, subtracted from iSo^, gives the refractive 
angle {^). The angle of dispersion (D) is determined as 
follows: The prism is removed, and the telescope with cross- 
wires directed on the slit — this gives the sero-point; ttie prism 
is then replaced in the position of minimum dispersion^ and 
the telescope again adjusted towards the slit — the difference 
in the readings gives the angle of dispersion for the particular 
color* The coefficient of refraction is then calculated by the 
expression 

^ _ sin D) 
sin if * 

and the wave-length of the refractive index n by Cauchy's ' 
d ispcrsion- form u la 

+ + - ^ 

^ M^moire sur la dispcTBion de U lumi^rc (Prague, 1336). 
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for ordinary purposes the last constants can be neglected, as 
they are very smalL A and B are obtained from the expres- 
sions 

n, = A-j- p and = A + 

which necessitate the determination of the refractive indices 
//, and ?/j of the prism for two rays, the wave-lengths and \ 
of which are accurately known» such as two prominent Fraun- 
hofer lines. 

Kriiss' ' Universal Spectroscope. — This instrument is 
manufactured by A. KrQss of Hamburg from the design 
of G. Kruss;' it is suitable for all kinds of spectro-chemi- 
cal investigation, and admits of measurements being made 
which in accuracy closely approach those obtained by the 
spectrometer. In its general plan the instrument (Fig, 22) 
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resembles that of Bunsen and Kirchhoff; the telescope ma^- 
nifies seven times; the tube B carries the scale, which is fixed 
in the focus of the objective; the 100 division is adjusted to 
correspond with the middle of the Z^-Hnes; the slit on the 
collimator A is likewi^^e sharply in the focus of the objeGtivCj 
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and paraUel with the refracting edge of the prism. Tw<> 
different slits are employed^ a single one for qualitative, and a 
double one for quantitative analysis; in the case of the latter 
both slits open symmetrically to the optical axis, so that with 
apertures of all sizes the spectra retain the medial position* 
The single slit is provided with a detachable comparison 
prism, and its width regulated by a micrometer screw with a 
divided milled head* The halves and of the double si it 
S may be separately adjusted by means of micrometcr-screws 
with the divided milled heads and Two prisms are pro- 
vided, one of flint glass of low dispersive power with an angle 
of Oo"*, and a highly retractive Rutherfurd prism ; they are 
contained in the case and are retained in the position of 
minimum dispersion by the pressure of a. spring under the 
knob K, The measuring appliances are attached to the tele- 
scope, which, together with its holder, may be rotated around 
the vertical axis of the instrument by a micrometer screw 
with a milled head divided into lOO parts; complete revo- 
lutions of this are read off on a divided scale directly under 
the eyepiece. The cros!?-wires are moved independently by 
a similar screw with its millt^d head V, also divided into ICK> 
parts. These arrangements permit of accurate measurements 
of spectra; and as the relationship of the screw-threads to 
each other and to the divisions of the scale are known, the 
measurements made by any one can be doubly controlled. 

Spectrophotometer. — A special peculiarity of the pre- 
ceding instrument is the double slit, first employed by 
Vicrordt * in his photometric work with absorption-spectra and 
quantitative spectrum analysis. To determine the quantity 
of a colored substance in solution it is poured into a trough 
or a Schultz's glass* and placed in front of one slit: the other 
15 then closed until both are of equal brightness; the ifiove- 

' P. A. 140, Die Anwendung des SpectraUppacales zur Photo- 

metric dcr Absorpdi^n IS spectra und zur qu<intitativen Analyse (Tflbiii(t<?n, 

1873). 
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ment of the slit is measured by the divided screw-head, the 
amount of Hght cut ofl being equal to that absorbed by the 
quantity of substance in solution. In Glan*s/ and Hufner's* 
spectrophotometers the diminution of the light is not deter- 
mined by closing the slit, but by polarization. 

Sorby's Microspectroscope. — It is often desirable to 
apply the spectroscope to the investigation of microscopic 
objects, such as rock sections, leaves, the sap of plants, 
opaque substances, and for the identification of the coloring 
matter of blood in medico-legal cases. For this purpose 
Sorby,* in conjunction with Browning, arranged a convenient 
combination of microscope and spectroscope. The instrument 
{Fig. 23) is inserted into the tube of a microscope instead of 
the ordinary eyepiece; the rays proceeding from the lens 
pass successively through the slit, the combining lens, and an 
Amici compound prism; at right angles is placed a measuring 
arrangement consisting of a ray of light from a mirror which 
is reflected into the eye of the observer by the exterior face 
of the last prism ; a dark photographed background is pro- 
vided, and a delicate micrometer-screw which enables the ray 
to be accurately adjusted .to any spectrum or absorption line. 
A second mirror serves to illuminate the comparison-prism, 
and a small stand at the side on which objects can be fixed. 
Light for the mirrors is obtained from a single lamp. 

A modification of this microspectroscope devised by Abbe 
and constructed by C. Zeiss of Jena is shown in Fig. 24. 
The screw M fixes it in the tube of the microscope in such a 
position that both the mirrors A and O are illuminated by the 
sun. The upper portion, containing the prisms, can be rotated 
round the peg K so as to admit of the object being adjusted : 
when this is accomplished the prisms are turned until the 
closing of the catch L indicates that they are in position. 



' w. A.. 1, 351. 

* J. pr. Chem. [2], 16, 200. Zeitschr. f. phys. Chem., 3, 562. 
» C. N., 15, 220. P. R. S., 15, 433. 
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The mirror J, indicated by dotted lines, illuminates objects 
fastened to a stand at the side; the light passes through an 
opening to the comparison-prism, which is fastened to the slit 




Fig. 3j. Pm, 34. 



and is not shown in the figure, A peculiarity of the instru- 
mcnt is found in the measuring arrangement : the scale M 
gives the wave-lengtliSi in parts of a micromiliimetrei of the 
region of the spectrum* coincident with its divisions; the 
compound prism is fixed between pieces of cork, and can be 
inclined from the vertical by means of the spring Q and the 
regulating-screw P, so that the divisions of the scale may be 
made to correspond exactly with the Fraunhofer lines; the 
mirror O reflects the scale on to the exterior prism- face. 

Solar and Stellar Spectroscopes — ^The extensive appli- 
cation of spectrum analysis to astronomical purposes has 
resulted in the designing of a very large number of instruments 
suitable for such observations. Solar investigations are gen- 
erally carried out with fixed apparatus, grating spectroscopes, 
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spectrometers, and angular-vision spectroscopes of high 
dispersive power, the light being supplied by means of a 
heiiostat. The solar prominences could formerly only be 
observed during an eclipse, but Lockyer and Jansscn simul- 
taneously devised a method by which they may be investi- 
gated at any time* For this purpose a spectroscope of high 
dispersive power is required ; it is connected with a telescope^ 
and the slit of wide aperture directed tangenttally to the solar 
limb. Any spectroscope of high dispersive power may be 
employed for this purpose, if it admits of rotation around the 
coJlimator-axis so as to discover the prominences. ' It is not 
easy to securely fasten a heavy spectroscope to a telescope; 
for this purpose a special form of stand, termed an adapter^ 
has been described by H. C- Vogel, but it is highly desirable 
that the spectroscope should be as light as possible. Such a 




solar Spectroscope, designed by Browning, is shown in Fig. 25 ; 
an arrangement is provided by which it can be screwed on to 
the eyepiece ol a refractor of three or more inches diameter. 
The screw-ring carries a position-circle, divided into whole 
degrees, the pointer (ahdade) of which has two adjustable 
bars at right angles: to the front one are attached the sup- 
ports for the collimator and prism*plate. The collimator and 
telescope arc fixed, the five prisms move automatically; a 
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reflection-prisin causes the rays to return through the system, 
so that the effect of ten prisms is obtained* The measuring 
arrangement is on the left of the telescope; it consists of a 
triangular brass rod with a micrometer-screw by means of 
which the prisms are automatically adjusted to the position 
of minimum dispersion for the particular ray under examina- 
tion* The instrument shows six lines between the two Z?-ltnes 
with the sun at its brightest. Since the dispersive power can 
be varied from two to ten prisms, the instrument can also be 
used for stellar and other celestial observations, where, in 
consequence of the feebleness of the light, a lower dispersion 
is required. 

For a general survey of the sky, or for the observation of 
fixed stars which appear as points, a telescope may be at- 
tached to a direct- vision spectroscope without a slit; such 
instruments have been designed by ZoUncr, Secchi, H. C, 
Vogel, McClean, v. Konkoly, and others, but they are not 
adapted for accurate measurement* 

For the investigation of the spectra of meteors, v. Konkoly 
recommends a direct-vision spectroscope with a concave 
cylindrical lens attached to a small telescope; the field of 
view then includes about 27^, and the rapid motion of the 
meteorite is apparently diminished* 

Stellar Spectrometers. — H» C. Vogel has designed a 
good spectrometer which is fastened to a telescope, and 
permits of accurate stellar spectroscopic measurements being 
made. More recently Adam Hilger of London has con- 
structed an instrument specially adapted for solar and stellar 
work, and it can also be mounted on a stand for use in the 
laboratory. 

Spectroi^raphs. — ^The use of a combination of spectro- 
scope and photographic camera, termed a spectrograph, has 
led to extremely valuable results: errors of observation and 
drawing are avoided ; records are obtained of the inv^isible 
infra-red and ultra-violet regions, and also of celestial objects, 
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the light from which is too feeble to affect the eye, and 
necessitates a prolonged exposure. H. W. Vogel* has 
designed a large and a small form of this instrument; the 
latter has a wedge-shaped slit, a collimator-lens, an Amici 
prism of five members, and an aplanatic lens which throws the 
image on the ground-glass or sensitized plate at the back of 
the camera. The larger instrument is adapted for deflected 
rays, has two prisms of 60°, and is rotatable around both the 
vertical and horizontal axes, which permits it to be used for 
solar and terrestrial purposes. Ostwald * has suggested the 
following procedure for the photography of absorption-spectra : 
A horizontal plate is screwed on to the objective of a photo- 
graphic camera, to which a spectrometer-prism and collimator- 
tube containing the lens are attached ; the spectrum is thrown 
on the ground-glass plate by a Luter's aplanatic lens of 
40 cm. focal length, and brought to accurate focus by obser- 
vation of the solar lines. The prism employed has a refracting 
angle of 60°, and is filled with a-bromonaphthalene;' its dis- 
persive power is especially high in the ultra-violet. An Auer 
incandescent gas-lamp is recommended as the source of light. 

.Photographs of stellar spectra are obtained by attaching 
the spectrograph directly to a telescope. The large spectro- 
graph at the Astrophysical Institute at Potsdam* is an exam- 
ple of such an instrument; it gives extremely accurate 
reproductions of stellar spectra. The ocular of an eleven-inch 
refractor is removed, and a strong stand attached in its place; 
to one end the spectrograph is screwed; the collimator-tube 
of this, in order to insure stability, is sustained on a conical 
steel holder with an adjusting arrangement and a scale. Next 
to the collimator is a stout circular holder for the two Ruther- 
fiird prisms of high dispersive power; beyond this is a conical 

» P. A. 164, 306; 166. 319. 

' Zeitschr. f. phys. Chem. 9, 579. 

» Walter. W. A. 42. 511. 

* Schcincr, Spectralanal. der Gcsiirne (Leipzig. 1890), p. 109. 
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camera which, to guard against vibration, is attached by stays 
to the far end of the collimator-tube. The colUniator and 
object lenses are achromatic to chemically active rays. Aboul 
40 cm. from the slit, in the focus of the refractor objective, is 
placed a Geissler's tube containing hy drogue n ; this serves to 
illuminate the slit, and also affords a means oi measuring the 
displacement of the lines caused by the motion of the star 
across the field of view, since the photograph shows the stellar 
spectrum together with the //^/-hnes. The refractor is set in 
motion so as to maintain the middle of the slit exactly on the 
star, Bro mo-silver gelatine plates are usually employed. 

Rowland's Concave-grating Spectrograph.' — The merits 
of this instrument have been enumerated in the preceding 




chapter; its separate parts require special arrangement, for, 
as Rowland has pointed out in his theory of the concave 
grating, normal spectra are only nb*^?iined if the slit, grrating, 
and camera, or eyepiece, are placed in the periphery of a 

• P. M> fs] Ifi, ig?- Astronomy and Astrophysics (1893), 12, 129, 
Johns Hopkins UnivcrsUy Circulars (1S89), B, No- 73, p. 73. Ames, i^ifi., 
8» No. 73. P* ^9' P- M- UiSSg) ts] 27, 



46 



SPECTRUM ANALYSIS. 



circle of which the grating forms a segment; the diameter of 
the circle is dependent on the concavity of the grating. This 
adjustment is effected mechanically by means of two rods at 
right angles; the grating is placed at their point of intersec- 
tion, so that it is always maintained at a constant distance 
from the camera. The external appearance of the instrument 
is shown in Fig. 26. Fig. 27 exhibits the plan of the one 




Fig. 27. 



employed by Rowland for his classical measurements of the 
solar lines. It consists of two stout wooden beams AB and 
-^C 15 X 33 cm. and 7 metres in length; one is fixed, but 
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the Other is slightly movable, by means of screws, about the 
point A, The beams are provided with rails for the wheels at 
each end of the carriages/? and E\ apertures are cut in these ex- 
actly coincident with the rail to receive the peg of the trans- 
verse beam FG, which is made of 4-inch wrought-iron tube; 
its length corresponds with the concavity of the grating, and, 
in the case of a six-inch grating with 1 10,000 lines, is about 
6,55 metres, with 15 cm. for adjustment. The grating is fixed 



to A and the camera to E\ the latter is shown in Fig. 28. 
It consists of the fixed box and the movable case A to hold 
the photographic plate, which is bent to the desired form by 
pressure against a rubber pad ; the wooden rod C carries a 
brass plate with a long narrow opening; it is rotatable about 
its horizontal axis, and is used to obtain a comparison-photo- 
graph. The sensitive plates are 48 X 5 cm., and 1.8 mm, in 
thickness; the breadth of the spectrum varies according to the 
order, from 6 mm. to 10 cm. The grating-holder is shown 
in Fig. 29, and consists of a massive bed-plated, and a mov- 
able perpendicular frame B\ to this a brass rod D is fastened 
by the screw P, and is movable about this axis by the 




Fig. a8. 
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screw 5; a second movable frame is attached to the brass rod 
by means of the screw P, and is rotatable about P' by the 




Fig. 39 Fig. 30. 



screw 5'; it carries the grating, supported on two projec- 
tions, and fixed by wax so as to be quite free from pressure. 
The orientating-screws work against springs so that the grat- 
ing is readily movable in any direction. Gratings of varying 
diameter are used with 10,000 to 20,000 lines to the inch; for 
most purposes the first is sufficient, but the last is preferable 
for work with the ultra-violet rays. The slit (Fig. 30) must 
be capable of being raised, lowered, and rotated about its 
horizontal axis; the latter is of special importance, as a sharp 
image can only be obtained if the slit and lines are exactly 
parallel. The aperture is regulated by means of a micrometer- 
screw; as a rule its width is only 0.025 The light from 
the electric spark or arc, or from a heliostat if the solar spec- 
trum is being examined, is directed on a convergent quartz 
lens in the focus of the slit, whence it passes directly to the 
slit; if the source of light is at the side, a reflecting prism is 
employed. The astigmatism of the grating precludes the 
simultaneous photographing of a spectrum and a superposed 
comparison-spectrum, as with the prism-spectroscope; the 
comparison-photographs are therefore made separately, but on 
the same plate. By means of the arrangement at the back 



INST/fUMENTS FOR SFECiAL PUKPOSES. 49 

of the camera, the comparison^spectmm ts received in the 
middle of the plate, and the spectrum under examination 
above and below. A tn angular stand placed between the slit 
and the quartz lens serves to support vessels containing 
absorbent solutions to cut off the spectra of other orders 
which would otherwise obscure the one employed. 

These concave-grating spectroscopes, of excellent finish* 
are manufactured by John A. Brashear of Allegheny, 

By meahs of Rowland's coincidence method a knowledge 
of one absolute wave-length enables ah others to be deter- 
mined, relatively to this, with an extremely high degree of 
accuracy** Taking as the basis, it is photographed in the 
spectra of as many orders as the grating permits; the other 
orders are thus obtained simultaneously on the same plate, 
viz,, /?, in the first order, 2948 in the second, and 1965 in the 
third; with Z?, in the second order, 3931 in the third, 2948 in 
the fourth, 2358 in the fifth, etc. The following table gives 
the coincidences with in the first nine orders: 
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The distance between the Z?,-Iine and separate lines of 
these different orders is measured, and the wave-lengths 
approximately calculated from the grating constant, which is 
known with a fair degree of accuracy, and its concavity ; if the 
wave-length of the lines does not differ by more than 50 



' Comp, Kays«r. A. B. A. 1890. 
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Angstroms from that of Z?,, a result is immediately obtained, 
correct within 0.5 of an Angstrom. The accuracy of this 
result may be increased to any desired degree; if, for exam- 
ple, the wave-lengths 4422 and 47 17 ±0.5 are photographed 
on a plate, and their distance measured, the result is accurate 
to one third per cent, since their difference of 300 units is 
known to be exact to one unit; with this higher approxima- 
tion the calculation is repeated, giving data of still greater 
accuracy, and so on. 

Rowland obtained his system of wave-lengths in this 
manner; between A 24CX) and A 7000 it is exact within at least 
0.0 1 Angstrom, and, together with his atlas of the solar 
spectrum, it forms the basis of all spectroscopic measure- 
ments. 



CHAPTER V* 



SPECTROSCOPIC ADJUNCTS. 

Flame-spectra. — The flame of a Bunsen burner is suffi- 
cient to volatilize compounds of the metals of the alkalts and 
alkaline earths; for compounds of these metals which are par- 
ticularly difficult to vaporize a Terquem burner may be used, 
as recommended by Wiedemann and Ebert. The flame, 
spectra of many substances can only be obtained by the use 




of a blowpipe, hydrogen, or oxyhydrogen flame, all of which 
were employed by Kirchhoff and Bunsen, A Barthel or 
other suitable spirit -lamp may take the place of a gas-burner 
if necessary. In many cases a relatively cool flame is desir- 
able; this can be obtained, according to Salet's suggestion, 
by placing the fjas-flame in contact with a plate of marble or 
metal, the opposite side of which is kept cool by means of a 

51 



52 



SPECTKUM ANAL VS/S, 



Stream of water. The substance is brought into the flame on 
a pl'tinum wire; one end is bent to a loop, and the other 
IS fused into a small piece of glass tubing which is fastened 
to the arm of a Bunsen stand (Fig. 31)- Mitscherlich^s appa- 
rat us is employed Avhcn a flame-spectrum is required during 
a considerable period of time. It consists of a series of glass 




Fic; jt, 

tubes (Fig* 32) closed at the upper end ; the lower end is bent, 
and filled with a bundle of slender platinum wires or threads 
of asbestos c, the substance under examination is dissolved, 
a little hydrochloric acid or ammonium acetate added* to pre- 
vent the formation of crusts on the wires, and the solution 
placed in the tubes. Gouy*s* method consists in causing the 
air or gas, before it reaches the burner, to pass through a 
vessel containing the substance in solution or in a very finely 
divided state. Neither of these arrangements is satisfactory 
when a uniformly bright flame has to be maintained during 

^ Ai c. p. [5] 16, 23. The constructton of (he pulveriiing apparatus is 
descnbed in Ebcrt'& work Ankitung zum Gasblasen (Leipzig, 181^5, 2d ed.). 
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several hours; for such purposes Eder and Valenta's* appa- 
ratus (Fig 33) can be employed. It consists of a heavy 
metal pedestal rotatable about its vertical axis; the Bunsen 
orTerquem burner^ is fitted with a platinum ring; the wheel 
s is adjustablep and inclined at an angle of 45°; it consists of 
two nickel plates carrying a circle of platinum gauze which 
projects 2-3 cm. beyond the circumfefence of the wheel, and 




1^ JO. 



dips into the vessel containing the solution of the substance. 
The axle a, connected with the cone r, permits of the rota- 
tion of the wheel by clockwork or some suitable* motor. 
Mitscherlich/ Wolf and Diacon,* and Salet ' place readily 
volatilizable substances in a glass tube fused to the hydrogen 
generator, and heat them in the gas which is then burnt at a 
platinum jet fused to the other end of the tube. For pro- 

* Denkst hr. dcr niathem.'nat urw. Classe dcr Wicn, Akad. (18^3) 60, 

* R A, (1863) 121. 

■ M4m, de I* Acad, * MontpeUier, 1863, 

* A p. (1873) [4] 28, Spectroscopic {Paris, i8S«), 
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longed observations on haloid componnds of metals, the coal^ 
gas must be mixed with chlorine, bromine, or iodine vapor. 

The Bunsen burner gives a temperature of about 2300°, 
and none of the others are hot enough to show more than a 
comparativelj' small number of spectra; the electric arc and 
spark are of much wider application. 

The Electric Arc— The temperature of the arc ranges 
from jooo°-35oo'' (VioUe), and is the most generally appli- 
cable of all methods of producing metallic spectra, as its high 
luminosity permits the use of gratings, and also renders it 
suitable for projection, Kayser and Runge employed it in 
their accurate measurements of the spectra of terrestrial sub- 
stances; usually they used a current of 50 volts and 20-30 
amperes, but occasionally, for the shorter wave-lengths, 4a 
amperes were required. The anode carbon is placed below, 
as it bums to a cavity which serves to receive the substance, 
and its temperature is higher than the cathode. In order to 
prevent the metal or salt from overflowing the cup, rods of 
not less than 2 sq. cm, are employed. The formation of 
oxide may be prevented by boring the upper carbon, and 
conducting a current of some gas through it, or, better, by the 
use of a block of gas-carbon, quicklime* marble, or magnesia 
as suggested by Liveing and Dewar.' The block is pierced 
completely through in two horizontal directions crossing at 
right angles in the middle; glass tubes carrying the carbon 
rods are fitted to two opposite openings; light is emitted by 
the third, and the fourth serves for the admission of gas 
(carbon dioxide or hydrogen); a fifth opening, immediately 
above the point of intersection of the others, !s for the intro- 
duction of the substance. The arc plays on the body under 
examination and volatilizes it ; Kayser and Runge recommend 
the use of a magnet to cause the arc to impinge directly on 
the substance below the opening. The apparatus is also 

» R S. (iSjg). Proc. Cambridge PhiL Soc, (1883) i. Kayser atid 
Ruoge, A. A. 1B90, 
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useful (or observing the reversal of the lines by absorption, as 
the opening through which the light passes is always full of 
comparatively cool vapor; the intensity of the lines is less 
with the block than when the substance is volatilized directly 
fiom the carbon rod. A series of carbon bands are almost 
always observed above the metallic spectrum when metals or 
salts are volatilized between carbon terminals; this often adds 
greatly to the difficulty of measuring the lines, and. in order 
to avoid error, an exact knowledge of these bands is necessary. 
The difficulty may be obviated by using terminals of the par- 
ticular metal under observation* but this has other drawbacks: 
the lamp is no longer automatically regulated, as the glowing 
rods of metal fuse immediately they come into contact, whilst, 
if the arc is extinguished for a moment » the terminals become 
coated with oxide, which is a bad conductor, and requires to 
be scraped off. 

The Electric Spark. — The spark from an influence 
machine or induction-coil may also be used for the production 
of luminous vapor j the spectra of gases are produced solely 
by its help, it is more convenient than the arc^ and is there- 
fore employed more frequently, although spark-spectra exceed 
those of the arc in complexity, and their nature is not at all 
clearly understood. The temperature of the spark varies 
between wide limits; E. Wiedemann * observed a temperature 
of 87,000^ in a Gcissler tube. 

The induction-spark differs with the construction of the 
coil; if this is composed of a large number of turns of thin 
wire, a high potential is obtained, whilst with shorter and 
thicker wire the potential is reduced, and the quantity of 
electricity increased* The intensity of the discharge may be 
heightened by the use of more powerful primary batteries, by 
the introduction into the circuit of one or more Ley den jars, 
or by increasing the length of the spark-gap. It is usual to 



' W. A. (1879) afjS. 
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connect the poles with a condenser as shown in Fig. 34, 
The wire K'f' connects the outer coating of the jar L with 
one pole of the coil, whilst the other is joined with the spike 
whence the sparks pass to the plate P connected with the 
inner coating of the jar* The wires MK^ M'K' lead to the 
stand //, to which the metallic electrodes EE' are fastenedj 




Fig. 34- 

and the spark is produced between them. The intensity and 
quantity of the current can also be increased when an influ- 
ence machine is used; the poles are connected in a similar 
manner with a Leyden jar, and the potential may be raised 
by prolonging the path of the spark. 

The simplest means of obtaining the line-spectrum of a 
metal is to pass the spark between electrodes composed of it; 
particles arc then detached and volatilized. The spectrum 
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of the atmosphere, consisting of the nitrogen, oxygen ^ and 
hydrogen lines, always accompanies that of the metal (comp, 
nitrogen* Chapter VII), In cases where a metal is not avail- 
able, a solution of one of its salts may be used ; this is made 
the cathode and the spark passed over it. Delachanal and 
Mermet's* apparatus Is very convenient for use in this con- 
nection, as it permits the observation of the spectra during a 
considerable period. It consists of a glass vessel (A, Fig, 35), 
15 mm, in diameter, with a platinum wire fused through the 
lower end, and connected with the cathode 
of the coil ; over it is placed a conical 
capillary tube D projecting 5 mm* above 
the end- The upper part of the vessel is 
closed with a cork C through which is 
passed a glass tubei? with a platinum wire 
fused to it; the end d projects and forms 
the anode* The salt solution is added up 
to hatf the height of the cathode; 
it rises by capillarity to the end 
of and each spark volatilizes 
a small portion. No loss of sub- 
stance occurs, the slit of the 
spectroscope is protected from 
splashing, and the sparks are 
uniform » but they almost always 
attack the glass, causing the pro- 
duction of foreign spectrap such 
as those of calcium, lead, etc. 
Hartley's ' apparatus (Fig, 56) is 
free from this drawback; the 
solution is poured into a U tube 
graphite electrode is fitted, the surface having a number of 
deep grooves cut to facilitate the ascent of the liquid. The 




Fig. 



Pw; id, 

to one limb of which a 



" C r* (1875} 81. Journ. dc Phys. de Almeida ^iS76), 5, lo. 
* R T, (1884) 176. 49. 32;- 
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upper electrode may be either of metal or graphite, preferably 
the latter; both arc chisel-shaped, connected with the coil by 
means of platinum wires, and placed exactly above one 
another and in a line with the slit. Other forms of apparatus 
designed for the same purpose have been described by 
Hunsen/ H. W. Vogel/ Lecoq de Boisbaudran/ Salet/ and 
Dupre.' 

Geissler's or Pliicker's Tubes. — Pluckcr's method ' is 
used for the investigation of gases; it consists in passing an 
electric discharge through rarefied gas contained in a Geissler 
tube (Fig. 37). The middle of the tube is usually a capillary; 




+ 



Fic. 37, 

platinum wires are fused through the wide closed ends, and 
connected inside with aluminium wires, as the passage of the 
current detaches particles of platinum which are gradually 
deposited on the glass; the light is more concentrated in the 
capillary, which becomes luminous, and is therefore placed in 
front of the slit. The tubes are filled by means of side tubes 
at each of the wide portions; one is connected with a mercury- 
pump, and the gas introduced through the other. When the 
operation is completed the side tubes are sealed off; this is 
often attended with difficulty on account of the entrance of 
air due to the low pressure, 1-2 mm,, which is necessary in 
order to secure the maximum degree of brightness. Tubes 
intended for observation during several hours may be closed 



t P, A. 330. 

» Frakt. Spectralanalyse fBerlin, 1889). 
*Sprctres lumincux (PafSf?. ^^14)- 

• Spectroscopic (Paris, 1SS8). 

• La nature ♦ 1882. 220* 

• P, A. (1859) 101. 497. 
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by means of stoppers accurately ground and lubricated.' 
Cornu' and Dcslandes* have given special instructions for the 
filling of Geissler tubes. Air is not the only impurity which 
is liable to be met with under extremely low pressures; the 
bands of carbon monoxide are frequently observed, and this 
is very difficult to remove, Hasselberg' considers that it is 
only occasionally derived from the fat and rubber at the joints ; 
it is probably liberated^ together with carbon dioxide and 
other substances, from the glass by the electric discharge. 
Another disadvantage of these tubes is the thick, irreguiar^ 
and non -homogeneous nature of the wall of the capillary 
which causes it to act as a cylindrical lens, and sometimes 
produces displacement of the spectrum lines. To correct 
this Monckhoven/ Piazzi-Smyth/ Salet,* Hasselberg/ and 
others have constructed tubes with the capillary at right 
angles to the wide parts so that it is observed **end on/* 
In order to obviate difficulties arising from the use of elec- 
trodes Salet ' has prepared tubes without them; instead the 
wide portions are covered with tin-foil, or, if the tempera- 
ture is too high, with gold leaf; the tubes are connected with 
an induction-coil or with a Holtz machine, and the discharge 
takes place through influence ; but under these circumstances 
the temperature in the tube is much lower than when the 
current is directly transmitted. 

Other difficulties attend the use of Geissler tubes: the 
observed phenomena may be produced by minute traces of 
foreign bodies, and not by the gas itself; absorption by the 
glass and electrodes, and the extremely high temperature 

' Hasselberg. Mfeui, de I'Acad. de St. P6ter«b, (1S83) [7] 31. No. 14. 
» J. d. phys* dc d' Almeida (1S86) [s] 100, 

* A, C. p. (1 888) [6] 16, 

* ht% Mondes, 1877* 

* N. Iff, 400, 45 ^O. 75- 

* A. c. p. [4] 38. 52' 

^ M^m. TArad. de St. P^iersb. (i88a) [7] 30. No, 7, 
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attainablej also influence the result, but these causes are 
insufficient to explain many puzzling phenomena. Liveing 
and Dewar, and also Ames, have suggested that these are due 
to the discharge producing special wave-motions of the atoms, 
and not the pure spectrum of the substance under examina- 
tion, whilst others believe that, under its influence, the 
molecules undergo electrolytic dissociation and the atoms are 
set in violent motion ; it is at present impossible to give a 
satisfactory explanation of the matter. 

Observation of the Invisible Regions of the Spectrum. 
— Only the small portion of the spectrum between wave- 
lengths and j60ft^ is, in ordinary circumstances, visible 
to the eye, but the part beyond Soofi^ becomes perceptible 
if the shorter waves are cut off by means of dark-red glass, 
whilst those far beyond 400;^;i are seen if the longer waves 
are eliminated. The region beyond 760/4/^ is termed the 
infra-redj whilst that below 400/^/1 forms the ultra-violet; 
in the former Langley ' reached a wave-length of g joo/i/i, and 
Rubens' one of 5750/4/^. In the ultra-violet Schumann,' 
using gelatine plates, obtained photographs of a group of lines 
of A I62/^;/, and hydrogen lines of about lOO/i/i. Soret * has 
devised a method of rendering the ULTRA- VIOLET visible by 
employing the fluorescence produced by the waves of short 
length; it consists in the introduction of p fluorescent object, 
such as a plate of uranium glass, into the eyepiece of a prism 
spectroscope, H. v* Helmholtz ' accomplished the same pur- 
pose by placing a thin film of quinine sulphate in the telescope 
at the spot where the objective forms a true image of the spec- 
trum. Special instruments, with lenses and prisms of quarts, 
are required for the investigation of the ultra-violet rays, as 

« A. 0^84) 33. 599^ A. c. p. (1836) [6] 9, 433- 
» W. A. (1892) 46. 238. 

* Wieo. Ber. iS(jj> Phologr. Rundschau, iSyo, t8g2* 

* Arch, sc. phys. ei nat. (1877) [3] fi7. 3ic>; 61, 322; 63, 89; [3] 1, 261; 
9, sij; 10» 439* A. c. p. (1877) [5] II* C. r. (t87S) 86, 1062; 97. 314* 57^* 

* Optitjue phy3io!f>giquc* p 352* 
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they are absorbed by glass; those of 3S0;/;i to a considerable 
extent, and those of about joo.i'/i completely. Stokes^ 
recommends quartz for this kind of work^ but Schumann" 
found that it absorbs the rays below 200/1/1, and was obliged 
to substitute it by fluor-spar; his observations on waves of 
shortest length, referred to above, were made with such 
apparatus, the spectrograph being rendered vacuous. Grating 
spectroscopes are specially well adapted for work with the 
ultra-violet if the use of glass is avoided; these rays are also 
absorbed by the atmosphere, which accounts for the sudden 
extinction of the solar spectrum at ^00^^; this is extended, 
Cornu ■ found, with the sun at its zenith. 

Photography has latterly superseded all other methods of 
investigating the ultra-violet rays; tltose below 200/j/i are 
absorbed by gelatine, and for such rays Schumann' employed 
plates without a gelatine film. 

The INFRA-RED rays may be detected by their thermal and 
photochemical properties, and by means of phosphorescence. 
Their existence was first shown by William Herschel * in tSoo. 
During an investigation of the heating power of various regions 
of the spectrum he found that the thermometer was most 
affected beyond the visible red. The thermal effect was 
shown by Melloni* to be influenced by the nature of the 
prism, rock salt being extremely readily transparent to long 
waves; later it was discovered that fluor-spar and sylvine are 
equally suitable, and the thermopile was used instead of a 
thermometer/ With a grating spectroscope all absorption 
by the prism is avoided, but the distribution of the heat is 
different, the maximum being in the yellow. In place of a 

* phot, Rundschau, 1S90. 
' C. r. (1879) S8. 

* P. T. {1800) 90. 

* A. c. p, (1833) [2] 5&. 

* Fran^, P. A. (ISS5^94. J. Muner, ihd. (1&S8) 106- LamansLy, ihid. 
(1873) 146. Mauton. C. r. {1579) 88; 89. Dcsalnsi, (iSSo) 90; {x%Zt) 94. 
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thermopile, Langley's* actinic balance or bolometer is em- 
ployed; by its means a rise in temperature of 0.000001° C. 
may be detected. It consists of a Wheatstone bridge, the 
arms being formed of two extremely thin blackened wires of 
equal resistance; if the temperature of one changes, the 
equilibrium is disturbed and the galvanometer affected. 
With the aid of this instrument Langley has examined the 
emission-spectra of the sun and moon, and of solid bodies 
between 0° and 1500°, whilst flame, arc, and absorption 
spectra have been investigated by R. v. Helmholtz,' Julius,' 
K. Angstrom,* Rubens,* Snow," Lewis and Ferry,' and 
Paschen.' 

The red and infra-red rays were for long believed to be 
incapable of photographic action. E. Becquerel* observed 
that the red rays affect silver chloride which has been 
previously exposed to light for a short time, and Draper " 
succeeded in photographing the beginning of the infra-red, 
but complete photographs could not be produced until Abney " 
prepared a special bromo-silver emulsion sensitive to the 
infra-red. He has obtained photographs of the solar spectrum 
up to wave-lengths of 2700/^yii, both with a prism and a grat- 
ing, and has also photographed a number of absorption- 
spectra. 

The third method of investigating the infra-red is based 



> Sillim. Journ. [3] 21. 187; [3] 27, 169; (1886) [3] 31; 32; (1888) 36; 
(1889) 38. Proc. Amer. Acad. 16. 342, W. A. 22, 598. 

* Die Lichl- und Warmestrahlung verbrennender Gase (Berlin, 1890). 
» Die Lichl- und Warmestrahlung verbrannter Gase (Berlin, 1890). 

* W. A. (1889) 36. 
» W. A. 46, 238. 

• W. A. (1892) 46. 

^ Johns Hopkins Univ. Circul. (1894) 13, 74. 
» W. A. (N. F.) 60, 409; (1894) 52. 209. 

• A. c. p. (1843) [3] 9. 
•» P. M. (1843) [3] 22. 

" P. T. (1880) 171, 653; (1886) 177. P. R. S. (1881) 31. P. M. [5] 3, 22. 
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on E, Hecqiierers ' discovery of their phophorescent action. 
A layer of Balmain's luminous paint is exposed to diffused 
daylight, and then to the infra-red spectrum ; at first the 
spectrum bands become brighter, the Fraunhofer lines re- 
maining unaltered; this soon changes and the Fraunhofer 
lines gain in luminosity until they appear bright on a dark 
ground. The results obtained in this manner by E* and 
H, Bcxquerel agree well with those of Langley and Abney, 

Lonunel* has improved Becquercl's method, and has pre- 
pared photographs of the infra-red with ordinary plates. The 
image of the spectrum is obtained in the manner described^ 
with the Fraunhofer lines bluish and luminous; a gelatine dry 
plate is then laid over the image on the phosphorescent plate* 
and ail the details are clearly reproduced. Photographs of 
the grating solar spectrum were made in this manner. 

The grating, particularly the concave one, in combination 
with a prism, is especially suitable for the investigation of the 
infra-red, since, by means of the superposed spectra, the wave- 
lengths in this region may be compared with those in the 
visible portion which are accurately known. The ordinary 
dispersion formula for prisms does not apply to the infra-red 
region/ 

Observation of Absorption-spectra— The object under 
examination is placed in front of the slit^ if it is somewhat 
opaque, direct sunlight is used ; the electric hght, Linnemann*s 
zirconium light, Auer's incandescent burner, a good petroleum 
lamp, or an ordinary Argand burner are also employed as 
sources of ilium 'nation. Daylight is convenient, as the 
Fraunhofer lines permit of ready orientation, but it is ynsuit- 

< C. r. (1866) 63; (1873) 77: (1876) 63; (18S7) 104; (18S8) 107. A, c. p. 
(1877) fsl 10* H. BecqucrcU C. r. {my) ©6. 97; {1884) 99; (1886) 102, A. 

c. p. (i88.t1 tsl 3a 

^ W. A. (1883) 20; (1887) 30, Sit3!uagsber. Mtlnchener Akad. (iSgS) 18; 
(tSgo) 20. 

' Urigley. P. M. (1884) [sl 17; (t8S6) 22. Sinim, Jonrn. [3] 37. 169 \V. 
A. 22« 598. Dcsains and Currie, C, r. (t83o)90; (1882) 94. 
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able for the absorption-spectra of gases, or for observations in 
the ultra-violet ; in these cases artificial light of great bright- 
ness is necessary. If the substance under examination is a 
gas, it is placed in a tube with plane sides. Glass troughs 
with plane parallel sides are used for liquids; VV. Vogcr 
employs ordinary test-tubes, placing them so that the Hght- 
rays pass diametrically through to the slit, and, in order to 
overcome the diflficulty of adjustment, they are fixed in a 
rectangular trough of water. Gladstone ' uses a wedge-shaped 
vessel which allows all the absorbed parts to be observed at a 
glance; as a substitute Landauer*has suggested the use of 
the ordinary hollow prism, fixed horizontally or vertically in 
a stand; it permits of the rapid observation of various thick- 
nesses of liquid, and is particularly well suited for qualitative 
work in which the refractive angle of the vessel may be 
neglected. The absorption-spectrum of a substance depends 
on its concentration and the thickness of the column through 
which the light passes; this renders its accurate characteriza- 
tion a matter of difficulty, and is only possible when both the 
above factors are given. Many observers have confined 
themselves to giving graphic reproductions of selected charac- 
teristic strong and faint absorptions. KrUss * suggested the 
determination of the minimum of brightness'*; this is 
obtained by diluting the liquid under examination until the 
bands whose maxima are to be measured are readily visible; 
their limits are determined, and the liquid repeatedly diluted, 
fresh measurements being taken after tach addition of water; 
two values are finally obtained which closely approximate if 
the liquid is further diluted and the minimum of bright nes*v 
is situated between them. 



* Prakt. SpectfalatiAlyse (Berlin. iS8g). 

* Jour, Chem. Socy. Lond. 10, 79. P» M. {4] 5*4, 417. 

^ Ibid. 16, 305]. Z^ttfithr. phys. Chem, 312. SpecieUc Mciboden dcr 
ATjatysc (Hamburg. 18^4^- 
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Measuring Appliances and Scales.— In the last two 
chapters the measaring appliances have been described in 
detail together with the speGtroscopes. Simple instruments 
with a prism of 60° have a millimeter scale rcilected into the 
telescope; generally, following Buiisen*s^ suggestion, the 
sodium line is adjusted to the 50th division^ which is also in a 




Ftc 38. 



line Viiih the fixed edge of the slit, but this is purely optional : 
the sodium line may be adjusted on any other division so long 
as the spectrum remains within the limits of the scale, 
Bunsen ' in his earlier work had the sodium line at the 100th 
division, as did Lecoq de Boisbaudran ' and KrUss/ whilst 

^ R A, 119, ro. 

* IMJ. 113, 377. 

' Spectres lumincux (Paris, (^74). 

* Bern 1^, 2742. 
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H. W. Vogel adjusts it at o, and gives the other divisions as 
-J" or — according to their greater or less refrangibility. The 
divisions of the scale are usually calculated into wave-lengths, 
and the results given as such, since it is impossible to obtain 
spectroscopes of absolutly identical dispersive power. The 
conversion is most readily accomplished by means of an inter- 
polation curve; the divisions of the scale are plotted as 
abscissae on paper ruled into rectangular spaces, the wave- 
lengths from 300-800/1/1 form the ordinates, and the points 
are connected by means of a smoothly drawn curve as shown 
in Fig. 38, so that the interrelationship of wave-lengths and 
scale is seen at a glance. The table is completed by the 
determination of the position of the following lines as shown 
by the particular spectroscope employed, their wave-length 

o 

is given in Angstroms (ten millionths of a millimetre), and 
their position on Kirchhoff and Bunsen's old scale is also 
added. 

^Wait°iena!f,*!S- Divisions of 

W ave length m Kirchhoff's Scale. 
AngstrOms. 

Flame-spectra. Li 6708.2 31.8 

Na j 5896.16) Mean 

( 5890.19 ) 5893-2 

Tl 5350.6 67.8 

Mg 5183.9 74.5 

Sr 4607.5 105.5 

Fraunhofer lines. A 7607. 8* 17.5 

B 6870.2 28.9 

C 6563.1 35.0 

5896.16) 

Da 5890.19 ) 

E 5270. 2» 70.9 

b, 5183-8 74-5 

bi 5172.9 74-8 

bi and b« . . 5168. i» 75.0 

F 4861.5 90.0 

G 4308. o» 127-3 

H 3968.6 161. 2 

K 3933-8 165.7 

* Mean of several lines. 
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Photographic scales showing wave-lengths directly may 
be prepared, but in certain parts the divisions are so close 
together that it is more convenient to use scales with equal 
divisions, and reduce the readings to wave-lengths. Instead 
of wave-lengths their reciprocals are sometimes employed, 
that is, the number of waves in i cm* at o*' in a vacuum; 



this value \jU which is termed the osciUation frequency^ is 



obtained by dividing into i the wave-lengths reduced to 
and a vacuum/ the calculation being carried to six or seven 
figures; some observers, including Kayser and Runge, use 
uncorrected wave-lengths; they justified this on the ground 
that the refractive index of air was not known with sufficient 
accuracyp and that the increase in the index, as the wave- 
length decreases, is so small that only a negligible error is 
introduced by regarding it as constant; for example, the 
diUcrence between X = 6000 and X = 2200 is only 0*09 
Angstrom.' 

Large instruments, with several prisms automatically 
adjusted to the position of minimum dispersion, have a divided 
circle over which the telescope travels, thus giving the 
measurements, whilst the micrometer-screw, which moves tlie 
last prism, is utilized for the same purpose in the case of 
spectroscopes in which the rays return through the prisms, 
since the telescope on such instruments is necessarily fixed. 
None of these appliances give more than approximations, since 
it is difficult to obtain the mechanism absolutely exact, and 
the refractive and dispersive power of the prisms are affected 
by the temperature- In order to make accurate measure- 
ments with prism instruments it Is desirable to compare them 
with the solar spectrum, or with that of iron; both are rich in 



' B. A. R, 1S78, 

' Kaysrr and Rung^e, A, B, A, Hasselberg, Ofvcrs. K, Vctcnsk. 

Akad. FfirhandL {1392) No. 9. 
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lines the wave-lengths of which have been accurately deter- 
mined. 

Eder* recommends the use of the spark-spectrum of an 
alloy consisting of equal parts of cadmium, zinc, and lead for 
the orientation of prism-spectra of medium dispersion. The 
most accurate ocular observations are obtained with a spec- 
trometer fitted with a plane grating or prism, the best pho- 
tographic ones with a concave grating spectroscope. 

Drawings of Spectra. — The diagrammatic reproduction of 
spectra are made, according to Bunsen's suggestion, on paper 
with printed millimetre scales; the breadth of the lines and 
bands is given as observed in the spectroscope, and their 
relative brightness shown by the varying distance of the 
contour from the horizontal; such drawings are shown in 
F5g« 3^1* together with the spectra as they appear in the 
spectroscope. 

' Denkschr. der Wiener Akademie (1893), 60. 

* From Wiedemann-Ebert, Physikal-Practicum (Braunschweig, 1893). 




CHAPTER VL 



SPECTRA. 



I. EMISStON'SPECTHA. 

Three varieties of spctra are recognized, c^ntinmus^ 
€haHn€ii€ti or band, and line spectra. Having di:scribed the 
production of spectra, and the means by which they are 
examined, it is necessary to consider the conditions which 
modify them, and also the laws governing their construction; 
much light has been thrown on these subjects by more recent 
investigations;' indeed spectroscopic methods appear emi- 
nently suited for the elucidation of the molecular structure of 
matter, since change in a spectrum indicates change in atomic 
motion. All substances are composed of molecules, consist- 
ing of similar or dissimilar atoms^ the number of which 
probably varies with the temperature and pressure; the 
molecules are in a state of active vibration, but, in the case of 
solids, are maintained in proximity by their mutual attraction, 
the vibrations being manifested chiefly as heat. The mole- 
cules of liquids exert suflFicient attraction to prevent their 
complete separation, but those of a gas are independent ; their 
path through space is relatively great and their collisions 
comparatively few, 

' Kayser* Spectralanalyse (Berlin. 1883). Spectra (analyse tn Encyklo- 
pitdic dcr Kaitirwiss. 33. (HantJb* der Physik von Winkelmann. Brcs- 
lau, 1994, p. W. A. (18^0 42. Cheiti. Zt|j. ^1892) IS. 593. Kayser 

and Rujige, A. B. A. 18^8-1594. Rydberg, Svenslta Vctcnsk. Akad. HandL 
<ia9o) 23- Dcslandes. C r. (18S6) 103, 375; (1887) 104, 97a, Julius, Ann. 
de I'Ecolc polyi. dc Delft, 18S9. Wttllncn W, A. (1874) 8; (188S) 3C E. 
Wicdermann, W. A* {187S) 6* Schuster. B, A. R, tSSo. Lockyer, Studies 
in Spectrum Analysis (Loudon and New Vork, 1878). 
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In addition to the motion of the molecule as a whole, 
there is a continuous movement of its parts; whilst the former, 
except for the velocity and extent of the free path, is the 
same for all gases, the motion of the atoms must be different 
for each kind of molecule, since it will be conditioned by the 
position, number, and mass of the atoms, by their energ>', and 
by the nature of the collision of different molecules. The 
vibrations of glowing vapors, which we perceive as light, are 
conditioned by the vibrations of the atoms, so that change in 
these must produce alteration in the spectra. The nature of 
the relationship between the vibrations of the atoms and the 
luminiferous ether are unknown, but it may be assumed that 
the wave-motion of the latter exhibit the vibrations of the 
former, the number of vibrations of an observed spectral line 
corresponding with that of the atom itself. Maxwell showed 
that only the majority of the molecules of a gas are at its 
mean temperature, the remainder are at all possible intervals 
above and below this, so that the spectrum produced at a par- 
ticular temperature is not pure, but a mixture, with those rays 
predominating which correspond with the mean temperature. 

Solid bodies have their molecules closely adjacent, the 
atoms being restrained by external forces from producing 
their own vibrations, and this proximity causes the production 
of all possible vibrations if the collisions increase m fre- 
quency; at low temperatures the vibr >tions are comparatively 
slow and produce radiant heat; but as the temperature rises 
the collisions increase in violence and the vibrations in fre- 
quency, producing successively the infra-red, the red, the 
yellow, and so on, until, at the highest temperatures, the 
ultra-violet is obtained. All solids therefore exhibit contin- 
uous spectra, containing rays of every possible wave-length ; 
the same applies to liquids, so far as they can be caused to 
emit spectra. The circumstances are otherwise with luminous 
gases and vapors: the intervals between the molecular impacts 
are relatively long, the characteristic individual vibrations of 
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the atoms are able to develop, and the corresponding waves 
appear in the spectrum, which is therefore discontinuouis and 
consists of separate bright regions. Discontinuous spectra 
are divisible into hand and line spectra, formerly termed by 
Pliicker and Hittorf * spectra of the first and second order. 
The former usually consist of a number of bands, one edge 
being bright and gradually diminishing almost to darkness in 
the direction of the other edge; they resemble to some extent 
illuminated fluted columns, hence the name channelled 
spectra, which is also applied to them. Observed under high 
dispersions the channellingsare resolved into numerous slender 
lines, arranged regularly^ their proximity being greatest in the 
brighter regions* Band-spectra are exhibited by compounds, 
and also by elements at temperatures below that necessary 
for the production of lines, 

Line*spectra consist of separate bright lines (slit images) 
which, if produced by means of a prism, are not perfectly 
vertical, but are slightly inclined towards the red; they are far 
less numerous than those in the band-spectra, and appear not 
to exhibit regularities in position and brightness* The 
manner in which they change into the very different band- 
spectra has not been explained ; it is known that the latter 
are obtained at temperatures intermediate between those 
required for the production of continuous spectra and line- 
spectra, and it has been suggested that they are prodaced by 
molecular aggregates which would be expected to yield 
spectra richer in lines than those that could be formed in the 
presence of fewer atoms. It has long been disputed whether 
the chief portions of a spectrum are constant when the mole- 
cules remain the same* Wollner' decides in the negative, 
and holds that, with unchanged molecules, the emission is a 
function of the temperature, the band-spectrum being pro- 

» R T, (1865) 155, 

^ W. A. (1879) 8; rtSSS) 3C Her. BerL Akad. (1S89) 38, Comp. also his 
*' Lehrbuch dcr Physik/' 
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duced at low, and the line-spectrum at high temperatures; 
these together form the complete spectrum oX the particular 
substance I and the change is cotittnuous. The opposite view 
is now generally accepted, and has been chiefly developed by 
Kayser; accordt ng to this, so long as the molecules arc 
unchanged their particular vibrations must remain constant* 
but it does not follow that at any temperature they should 
exhibit all their possible modes of vibrationp and particularly 
not with equal intensity. It has been repeatedly observed 
that increase tn the violence of impact is correlated with 
greater intensity in the shorter wave-Ienj^hs; the ultra-violet 
lines become considerably stronger if the arc is used instead 
of the Bunsen flame, but the longer waves also increase in 
brightness, lines before too faint to be seen become visible, 
and there is a general increase throughout the spectrum in the 
number and brightness of the lines. The spontaneous reversal 
of the lines is regarded by Kayser as a definite proof of the 
constancy of the spectrum within each order. Light from a 
luminous heated gas is absorbed by cooler gas of the same 
kind, but as the same rays are emitted as are absorbed by the 
cooler vapor it follows that the wave-length must remain un- 
changed, although the intensity will be considerably decreased 
and the original bright 'lines be replaced by dark ones; since 
such reversal occurs without alteration between all attainable 
limits of temperature, about looo**— 5000*, the constancy of 
the emissions throughout the same range is established. 

Influence of Temperature and Pressure* — It has been 
stated above that increase in temperature produces greater 
intensity in the lines within the particular order of spectrum- 
Increase in the pressure is accompanied by a broadening of 
the lines; * this change may be exhibited by all substances in 
varying degree, and it may occur symmetrically or only 
towards one side, in the latter case generally towards the least 

■ Comp, SchuslcT, B. A. R. tSSo, p* a7S> Roscoe and Schuster. Spectrum 
Anat (London, i§3s), pp. 136, 163. 



refrangible end. The hydrogen lines may be extended to 
such a degree that the spectrum becomes continuous; ' 
ZoUncr' believed that this was due to the density of the 
luminous layer; his conclusion was deduced from Kirchhoff's 
law, but it is not in agreement with the observation that a 
Geissler tube exhibits the same number of sharp lines whether 
viewed longitudinally or transversely, and that sharp lines are 
shown by the solar atmosphere and promijiences in spite of the 
enormous thickness of the former. General acceptance is 
now given to LDckyer and Frankland^s* view that the increase 
in breadth is due to greater pressure, although the tempera- 
ture also exercises some influence; but, in the cases under 
consideration, a rise in temperature necessarily produces an 
increase in the pressure. The theoretical explanation of the 
phenomenon is as follows; so long as the molecules vibrate 
singly the oscillations occur regularly and at equal intervals, 
and therefore produce sharp lines, but if other molecules are 
in close proximity, the vibrations are disturbed by their 
impact, the frequency of which depends upon the pressure 
and temperature/ 

Lockyer s Long and Short Lines. — Lockyer * has devised 
a method which readily sho^vs the influence of temperature 
and pressure on a spectrum. The arc or spark is adjusted 
horizontally to the vertical slit of the spectroscope, and the 
image thrown on to the slit by means of a lens; a spectrum is 
thus obtained exhibiting long and short lines of varying 
breadth: that shown in Fig, 39 is produced by a mixture of 
calcium and strontium* The image of the slit corresponds 
with that of a section of the arc, the middle of the image 
showing the lines in the middle of the arc, those at the sides 



* FrankUfid, P, R. S. (iS6a) 16. 416. WuUncr, P* A. (1869) 137, 369. 

* P, A, (1371} 142* 

■ R R. S. (iSf*9) 27* 

* Com p. Lippich. R A, (1870) 139, 465. 

* P, T, (1873) 163* 353. 639* Galiizin* W. A, (1895) 66. 73* 



of the latter being shown at the extremities of the image. 
The luminous vapor is both hotter and dcuser in the middle 
than at the sides of the arc; therefore, if the spectrum is 
influenced by temperature and pressure, the middle of it 
should differ from its extremities, and this is actually the case. 
The longer lines are most numerous at the sides, the short 
ones being confined to the middle; all taper towards their 
extremities; moreover, the lengtli is not dependent on the 
brightness of the lines, as the fainter ones may be either short 
or long, Lockyer considers that the longer lines are produced 
at lower temperatures^ and correspond with the chief lines 
observed by the ordinary method ; the short lines are due to 
relatively high temperatures, and the expansion in the middle 
is caused by the greater pressure in the interior of the arc. 

Influence of Magnetic Current ^ — When the Z>-Unes are 
produced by means of a Rowland's grating, and a Hunsen 
burner and sodium chloride, they have been observed by 
Zeeman ^ to widen during the passage of a current^ if the 
burner is placed between the poles of an electromagnet. 
With an oxy-coal gas-flame they expanded to three or four 
times the normal width- Similar results were obtained with 
a lithium line. Interruption of the current produced an 
immediate reversion to the ordinary' state. The widening 
was also observed in the absorption-lines (reversed lines) 
produced by sodium vapor, in a porcelain tube placed between 
the poles and perpendicular to a line joining them. The 
widening is not due to change in the density of the luminous 
or absorptive gases, but the observations confirm Lorent2*s 
theory, according to which electrical phenomena are con- 
ditioned by the position and motion of electrically charged 
ions, by which also light vibrations are accomplished. Zeeman 
deduces from this theory the proposition that the broadened 

^ Zittungsvcr], K* Akad. WcL Amsterdam (1896-97). pp, 181-349, W, 
A. BeibL (1S97) 21, 139- Astrophys. J, (i&g?) B, 332, R (1897) [s] 
336* 
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Spectrum-lines of a light-ray, in the direction of the magnetic 
current, are subjected to circular polarization, one extremity 
to the left, the other to the right. If the ray is at right 
angles to the current, both extremities are linearly polarized » 
at right angles to its direction. 

IL ABSORPTION-SPECTRA. 

Kirchhoff's Law. — Fraunhofer, in 1824^ observed the 
coincidence of the yellow sodium lines with the double Z?-lines 
of the solar spectrum, and the relationship between the emis- 
sion and absorption of light fiad been previously suggested by 
various workers,* but Kirchhoff ' in 1859 enunciated and estab- 
lished the law which bears his name, and which is also known 
as the law of exchanges/* In order to directly prove the 
coincidence of the above lines KirchhofT observed a moderately 
bright solar spectrum through a sodium flame which was placed 
before the slit; the dark lines were at once changed to bright 
ones, but with a very bright solar spectrum the Unes were 
darker than when viewed directly. He then examined the 
Drammond lime-light through the sodium-flame, and got dark 
lines in place of the yellow ones, showing that the sodium- 
flame absorbs the same kind of rays that it emits. The results 
of these experiments, and certain theoretical considerations^ 
led him to propo ^'1 the generalization that the relationship 
between the emissive and absorptive po%ver of all substances 
for light of the same wave-length is identical at the same 
temperature. The absorption-spectrum of a substance corre- 
sponds therefore with its emission*spcctrum at the same tem- 
perature and in the same molecular condition* This was 
proved by KirchhofT and Bunsen in the case of sodium and 



* Ang^trdm. P. A. (1853) 94, 141, 
Paris, 1S49. A. c. p. f iSfio) [3] 58, 476. 
Balfour Stewart, T. R. S. E. iSsS* 

' A. B. A. tS6i. p. 64. 



Foucauti, BulL Soc, pbilom* de 
StQkes, P* M. (tS6o) [4] 20, m 




other volatile metals, and by Cornu/ LiveJngand Dewar/and 
Lockyer ' for others, including those that are most refractory- 
Kirchhoff's investigation fin ally proved the nature and origin 
of the Fraunhofer lines (comp. Chapter IX), Gases and 
vapors at low temperatures show absorption -spectra consisting 
of bands, but at higher temperatures they are composed of 
lines; as a rule the absorption-spectra of solids and liquids are 
continuous over a large portion of the field, corresponding 
with their continuous emission-spectra; the spectroscopic 
Investigation of substances thus becomes possible at a tem- 
perature below that at which they are luminous, 

KirchhofT*s law indicates that the luminosity of bodies is 
due to increase in their temperature. Objection has been 
made to this by more recent investigators; thus E. Wiede- 
mann * has shown that, apart from the normal evolution of 
light, causes other than rise in temperature may produce 
luminosity in a body, and to this iuminescence he considers 
that Kirchhoff's law does not apply. Hittorf* and VV, v. 
Siemens' have also shown that^ up to a temperature of about 
2000^, gases emit no light, whilst Pringsheim ' believes that 
vapors cannot become luminous by increase of temperature 
alone, but only in consequence of undergoing chemical 
change. At present it is not possible to say how far these 
objections are justified ; even if correct they do not necessarily 
invalidate the law of exchanges, which has received support 
from the theory of resonators. The mechanism of light 
absorption is as yet far from being completely understood. 

Influence of Temperature and Physical State,— Absorp- 
tion-spectra are usually observed at low temperatures, thus 

» C. (T871) 73, 531. 
» P, R. S. 28, 

' Studies in Spectrum Analysis (London amd New York, 1878). 
< W, A, (1888) 34, 446. 
» iMd. (1S79) 7; (iSSj) 10, 
• md. (1883) IB. 
' Ibid. (1892) 4S, 
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readily permitting the determination of the influence of the 
molecular constitution. The absorption-spectra of iodine in 
the solid form, in solution, and in the gaseous state are all 
different; indeed in the latter state it exhibits a line and a 
band spectrum corresponding with its two emission-spectra. 
A rise in temperature causes an increase in the absorption 
within the same order of spectra. 

H. W. Vogel* found that if solutions of organic dyes are 
volatilized on glass plates, the residue usually exhibits a 
different spectrum from that of the solution, but the latter 
remains unchanged if gelatine, glue, starch, or gum arabic is 
added to the solutions before drying. Stenger' states that 
in the gelatine film the molecular aggregation is the same as 
in solution, lience the identity of spectrum; in its ordinary 
solid state the dye is composed of more complex molecules 
and therefore has a different absorption-spectrum. 

Influence of the Solvent. — Solutions of substances which 
exhibit absorption-spectra consisting of bands frequently 
show no regularity in the changes which occur when other 
solvents are employed. In this connection Kundt' has pro- 
pounded the following rule, which, however, is not of uni- 
versal application: comparing two colorless solvents which 
differ considerably in refractive and dispersive power, the one 
in which these are greater will cause the absorption-bands to 
approach the red end of the spectrum. Stenger* accounts 
for the exceptions to the above rule by suggesting that the 
spectrum of a substance is dependent both on its chemical 
composition and on its molecular state; if the physical mole- 
cules in the solution are identical with the chemical ones, the 
body follows Kundt's rule, but solutions freqtiently contain 
aggregates composed of a number of chemical molecules. 

> Bcr. Berl. Akad. 1878, p. 409. 

• W. A. (1888) 33. 583. 

» P. A. Jubelband (1874) p. 615. W. A. (1878) 4. 34. 

* W. A. (1888) 33. 577. 
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The deviation from, or agreement with the rule may also be 
due to the varying extent to vvhjch the substance in solution 
undergoes electrolytic dissociation. 

Influence of Optical Density.' — Tiie influence of concen- 
tration and of the thickness of the layer of substance has been 
already considered in the preceding chapter. The experi- 
ments of Bunsen and Roscoe ' show (i) that the quantity of 
light absorbed by a layer of infinite thickness Is proportional 
to the quantity (intensity) of the incident-rays. (2) The 
quantity of light absorbed is dependent on the density of the 
absorbent. The cocfficiiut of ahsorpiion^ calculated from these 
data, gives the relationship in intctisity between the incident 
and emergent rays for a layer of unit thickness; in place of 
this, Bunsen and Roscoe employ the lOfffiikHt of extinct iofi^ 
which facilitates the calculation of the concentration from the 
absorption ; the term is applied to the reciprocal of the thick- 
ness of substance required to reduce the h'ght to one tenth of 
its original inten?tity. 

Fluorescence and Absorption. — ^Absorption of light is 
connected with phosphorescence and fluorescence. Certain 
substances become luminous by the action of light; if the 
luminosity ceases on the withdrawal of the light, they are said 
to be fluorescent, whilst the term phosphorescent is applied to 
substances which continue to be luminous after the light is 
cut off. Hitherto fluorescence has only been observed tn the 
case of liquids, and phosphorescence in that of solids. In 
accordance with the law of the conservation of energy, the 
rays causing these phenomena are absorbed ; fluorescent 
bodies exhibit corresponding absorption-spectra^ and, as they 
absorb the ultra-violet rays more or less completely, they all 
fluoresce in this region of the spectrum. 



> Comp, O. Knoblauch, W* A* (1891) 43, 738. 
• P. A. (1S57) 101. 335 
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III. RELATIONSHIP BETWEEN THE LINES OF AN ELEMENT. 

Observation of different elements shows that some have 
lines distributed throughout the whole spectrum field, whilst 
others exhibit only a few single lines or groups, so regularly 
arranged as to suggest the idea of a definite relationship. 
Early investigations led to the conclusion that an acoustical 
law could be applied to the luminiferous vibrations of the 
molecules; a string vibrating as a whole gives a fundamental 
note, but if it vibrates in parts the number of vibrations in 
the notes produced is 2, 3, 4, etc., times that of the funda- 
mental note; if this law applies in optics, the wave-length of 
the different lines of a spectrum must bear a mutual ratio 
represented by whole numbers. 

The first attempt to discover such regularities was made 
by Lecoq de Boisbaudran ' in the case of the nitrogen lines; 
his conclusions were based on wave-length determinations of 
insufficient accuracy, and were not confirmed by Thal^n. 
Stoney • was more successful, and showed that the ratio of the 
hydrogen lines C : : A = 20 : 27 : 32 ; the subject was 
further investigated by Stoney and Reynolds,' Soret,* and 
others, until the more thorough work of Schuster * rendered 
the theory no longer tenable. He showed that, even when 
there is absolutely no connection between the lines, the 
chances are in favor of a harmonic relationship in spectra 
rich in lines, and, whilst many facts indicate the existence 
of a mutual relationship between the wave-lengths, the law 
which it follows is as yet undiscovered. The subject ceased 
to attract attention for several years until Balmer* published 
a formula which reproduces with wonderful accuracy the posi- 

» C. r. (1869) 69, 694. 

« P. M. (I87i)[4] 41, 291. 

^ Ibid, (i87i)[4] 42, 41. 

* Ibid, [4] 42, 464. 

» B. A. R. 1880. P. R. S. (1881) 31, 337. 

• W. A. (1885) 26, 80. 
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tion of the hydrogen lines. The values are given by the 
expression 



is a whole number between 3 and 15, j4,a constant, 3645.42 
Angstroms according to Cornu*s measurements, or 3647*20 
taking Ames* more accurate determinations; the possible 
error in the latter is only 0,1-0.3 Angstroms, and the agree- 
ment between the observed wave-lengths and those calculated 
from the above formula is within these limits. Cornu/ 
simultaneously with Balmer, pointed out that the %vave-length 
of the readily reversible lines of aluminium and thallium bear 
a definite relation to those of hydrogen, whilst a few years 
later Deslandres' gave a formula for the lines composing the 
bands of numerous elements. 

In 1887 Kayser and Runge * commenced their investiga- 
tions, and succeeded in obtaining a formula which reproduces 
** series'* in the case of a considerable number of elements j 
Balmer*s formula for the hydrogen lines is only a special 
instance of their more generalized expression. The term 

series'' is applied to related lines, which are particularly 
numerous in the spectra of the metals of the alkalis and 
alkaline earths. Attention had been called to these by Live- 
ing and Dewar ' before the publication of Ba!mer*s work. The 
distance between two consecutive lines decreases with dimin- 
ishing wave-length, so that the lines asymptotically approach 
a limit; they applied the term harmonic'' to such a series 
of similar groups.' Taking the refractive index of air as con- 

* C. r. (1885) 100, 1181. 

* iMit (18&6) 103. 375; {1887) 104, 973* 

* Ueberdie Spcctrcn der Ekmente A, B. A, 18S8, 1889. 1890.1891, tSga^ 
i8i}3. W. A. (iag4) S2, 114. Runf^e, B. A. R. iSSS, p. 576. Kayser. Chem. 
Zcg. (1892) 16, 533^ Encyktop&die der Naturw. ^Winketm^cin's Handb,. 
der Physik. Brcsiaii* 1894) p. 429. 

* P* T* 1883, p* 213, and also prev^ioiisly* 

* IHd, 1884. 
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stant, a value proportional to the number of waves, i.e., the 
reciprocal, was used by Kayser and Runge in place of the 
wave-length; thus modified Balmer*s formula becomes 

^- = -4 + and then i = ^ -f + C/f*. 

This expression gives only an approximation ; probably the 
number of waves is only a function of // which, in the nega- 
tive power, admits of the development of a rapidly conver- 
gent series; of these the first three terms are sufficient to give 
their values with remarkable accuracy. Kayser and Runge 
then extended their investigations so as to elucidate the fol- 
lowing questions: the applicability of the formulae in the case 
of measurements of the highest possible degree of accuracy ; 
whether lines of wave-lengths indicated by the formulae really 
exist; can all the lines of every element be reduced to series? 
can a relationship be shown between the constants of the 
formulae of different elements ? 

The investigators* objects could not be attained by the 
use of the older wave-length measurements, partly on account 
of their inaccuracy, partly because they did not include the 
ultra-violet, so that it became necessary to re-examine the 
spectra of the elements with the highest possible degree of 
accuracy. The largest number of series represented by the 
above formulae are exhibited by the spectra of the members 
of Mendel^eff's first three groups. The metals sodium, 
potassium, rubidium, caesium, copper, silver, aluminium, 
indium, and thallium each have two series in which B and C 
are identical and A differs; two such series may therefore be 
regarded as a series of pairs of lines, each pair having the 
same difference in vibration. Probably all elements have two 
such series of pairs. The first series contains strong, ill- 
defined lines, and is termed the first **subseries the second 
series contains well-defined fainter lines, sometimes broaden- 
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ifig out towards the red : they form the second subseries. The 
two subseries were not observed in the spectra of rubidium 
and cesium; lithium exhibits both series, but they consist of 
single lines instead of pairs. The difference in wave in both 
series is practically identical in the case of each element, and 
bears a relationship to its atomic weight. The alkali metals 
have a third series %vhich includes the strongest and most 
readily reversible lines of the whole spectrum, and is called 
the ** principal series " ; in the spectrum of lithium it consists 
of single lines* in the other metals of pairs; these are closely 
adjacent in the case of sodium, but with increasing atomic 
weight the separation becomes greater, whilst the entire 
series gradually approaches the least refrangible portion of 
the spectrum* In each pair the stronger line has the snralter 
wave-length; this was already known to be true of the sodium 
/?*lines. Within each principal series the difference in tltc 
number of waves between the pairs is approximately inversely 
proportional to the fourth power of the ordinal number. The 
largest positive value given by the formulae for all series 
hitherto observed corresponds with the ordinal number 3; the 
lines where n — i are comparable with fundamental notes, 
since they represent the longest possible waves, exactly as 
exhibited in Balmer^s formula for the hydrogen lines. 

The spectra of copper, silver* and gold do not show such 
striking regidarities as those of the alkali metals, which 
appear all to be arranged on one plan. By analogy with the 
order observed in other spectra the existence in the spectra of 
copper and silver of both subseries of pairs can be demon- 
strated ; but this is not so with goldi possibly because the 
series become fainter as the atomic weight increases. 

Magnesium, calcium, and strontium, amongst the alkaline 
earths, have spectra with two subseries consisting, not of 
pairs, but of triplets with a constant difference of wave: as 
the atomic weight increases the series diminish in intensity and 
approach the red end of the spectrum. This probably ex- 
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plains why no series could be found in the case of barium^ 
the last element in this group. 

The spectra of zinc, cadmium, and mercury also exhibit 
two subseries of triplets, but scarcely half the total number of 
lines is included in the series. 

Only a few of the elements in Mendeleeff's fourth and 
fifth groups have been available for Kayser and Runge*s in- 
vestigations, which have been confined to tin and lead in the 
former, and to arsenic, antimony, and bismuth in the latter; 
the regularities found in the members of the first three groups 
could not be detected in these. Each spectrum is character- 
ized by a large group of lines which are repeated in such a 
way that, by the introduction of a constant, the number of 
waves of one group may be deduced from that of another, 
but the lines do not permit of arrangement into series, and 
their appearance gives no clue as to their possible interrela- 
tionship. It is not surprising that all the lines of a spectrum 
do not fall into series, for in order to compare different 
elements they should be investigated under the same relative 
conditions, and not at the same temperature. Failing accu- 
rate knowledge of the temperatures at which the elements 
w^ould be in a uniform molecular condition, it may be assumed 
that those of high melting and boiling point would require a 
much hotter flame than the more volatile ones; consequently 
if an arc lamp, giving a temperature of 300d''^35oo'*, is required 
in order to produce the complete series in the case of the 
readily fusible alkali metals, it follows that, with the other 
elements, the higher the melting-point the less characteristic 
will the series be. 

Working independently of Kayser and Runge, R^^dberg* 
simultaneously adopted the same view of the structure of 



^ C. r* (1890) 110, 394. Zeitschr. pHysikaT. Chem. (1890I 227. Sven^ka 
Vetenskap, Akad. Handliiigar Stockholni (tS9o)« 23, No< 11. W. A. (tS^^) 
60, 639; (1S94) 119- 
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Hne-spcctra; he employed the number of waves instead of 
the wave- length J and his investigations of the members of the 
first three groups of the periodic system led him to conclude 
that the "long** lines form pairt or triplets which, in the case 
of each element, are characterized by a constant difference {z') 
in the number of waves of the components. In each group 
of elements this value increases in a ratio somewhat exceed- 
ing the square of the atomic weight. The triplets occur in 
the first and third groups, the valency of which is odd ; the 
components of the double lines form series, the members 
being functions of consecutive whole numbers; each series can 
be approximately reproduced by the expression 

K 

where n is the number of waves, m any whole number, the 
ordinal number of the member, and iV, = 109721*6, a con- 
stant applicable to all the series of every element, and which 
is obtained from Balmer*s formula; and are constants 
peculiar to each series, being the limit which the number 
of waves ft approaches if m is infinite. Like Kayser and 
Runge, Rydberg distinguishes three kinds of series, nebu- 
lous,*" ''sharp,** and ''principal'* ; the first two are composed 
of pairs or triplets, so that the elements of the first and third 
groups have four different series of these two kinds, and the 
elements of the second group have six; they are termed the 
first, second^ and third nebulous or sharp series; the lines of 
the first series of either kind are the strongest and least 
refractive* In the case of the elements in group one, the 
principal series contains the strongest lines of the spectrum, 
the nebulous series are next in order, and the sharp series 
the faintest; in both the separate groups and series the 
intensity of the light decreases as the ordinal number rises- 
The different series of an element are sufficiently related 
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to show that they all belong to one system of ^-aves; the 
series of the same group, nebulous or sharp, have the same 
value for /i; the difference of the value is equal to v or 
and r,: the series of the same order, first, second, or third, 
have the same value for «, in the different groups, but differ 
in that for pi. The wave-length and the corresponding number 
of waves, the values of the constants i\ and of the corre- 
sponding series in the various elements, are periodic functions 
of the atomic weight ; the periodic difference in the constants 
permits of the calculation of the spectrum of an element if 
the spectra of the elements adjacent to it in the periodic 
system are known. 

Rydberg's investigations have strengthened the arguments 
in favor of a single system of waves, and indicate the possi- 
bility of representing all the lines of a spectrum by a single 
formula, but they are opposed to the idea of a mixed spec- 
trum such as would be produced by molecules at varj-ing 
temperatures. He considers it probable that each element 
possesses only a single spectrum, and that the intensity of 
the series and of the special lines varies with the temperature 
and density of the luminous gas, in a manner similar to the 
changes in the overtones of a bell. The arrangement of 
band-spectra suggests, even more strongly than line-spectra, 
the possibility of their structure conforming to definite rules; 
Lecoq de Boisbaudran ' and Thalen ' • pointed out certain 
regularities, but these did not permit of the deduction of a 
law which was first formulated by Deslandres.* The lines of 
a band form series of similar lines, the series being connected 
in such a manner that, in each one, the distances between two 
consecutive lines are approximately in arithmetical progres- 
sion. If the edge of a band is designated by o and the follow- 

» C. r. (1869) 69. 

• Svenska. V-etensk. Akad. Handl. (1S69) 8. 

» C. r. (1886) 103. 375; (1887) 104. 972. A. c. p. (1S8S) [6] 16. J. dc 
Phys. (1890) [2] 10, 276. 



lines by the succeeding numbers i« 2, 3, . , . Hp then the 
number of waves of the ;/th Une is given by the formula 

— ^ a V, 

where a is the number of waves of the edge, and d the differ- 
ence between this and the number of waves of the first line. 
The different bands of a spectrum are related in such a manner 
that the first, second, etc*, edges of all are represented by the 
expression 

{ = A + /}^ c:. 

corresponding with that representing the lines of a series; 

Bt and Care constants, and progressive numbers. The 
absolute validity of these laws is questioned by Kayser and 
Runge/ but maintained by Deslandres. Theoretical articles 
on the origin of lines* pairs, etc., have been published by 
Lecoq de Boisbaudran,' Stoncy/ Julius,^ and v, Kfivesligethy/ 

IV, RELATIONSHIP BETWEEN THE SPECTRA OF DIFFERENT 

ELEMENTS. 

Attention was first directed to this subject by Lecoq de 
Boisbaudran' in 1S69; he pointed out the similarities in the 
structure of the spectra of potassium, rubidium, and csesium, 
and, applying the term ** homologous'* to certain analogous 
lines in each, he concluded that in the case of the metals of 
the alkalies and alkaline earths the spectra approximate the 
red as the atomic weight increases. This has been confirmed 

" A. B, A. 1S89. 

» C. n (1S69) 69, 445. 606, 657. 

' P. (iBji) [4] 41. Trans. Dubl. Soc. (iSgi) [2] C P. M. (1892) [5] 33. 

* Ann. de Tfecolc polyt. dc Delft {1S89), 6. 

* Theor. Spectralanalyse (Halle , 1890). 
•C (1889) 69, 6to. 
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by later and more exact measurements. He ' subsequently 
employed these homologous lines for the calculation of the 
atomic weights of gallium and germanium^ which had not then 
been determined; his method was based upon the rule whid) 
he had enunciated, that within the groups of the periodic 
system the variation in the increase of the atomic weight is 
proportional to that of the increase in the wave-length of the 
homologous lines. The following is an example of the 
method of calculation: 
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149 



40- 5 1 
100 



100 



The fraction -^7^1— means that in order to obtain 43.6, 



100 

2.8302 per cent of the diflferencc 42.4 must be added; the 
variation {x) for the group Si, Ge, Sn is obtained from the 
ratio 37.584 ; 2,8302 40,51 : ^ = 3.051 per cent; the in- 
crease ( y) in atomic weight from Si to Ge = — — = 44, \2, 

^ 2*03051 ^ ^ 

and therefore the atomic weight {n) of germanium = 72,32- 
Kayser' considers that, whilst the above rule perhaps contains 
a nucleus of truth, it is at present not applicable, and requires 
a knowledge of atomic weights considerably exceeding in 
accuracy almost alt the current values* In consequence of 
this Ames' was unable to apply the rule to magnesium, zinc, 

* C r. 85, 943: (i8S6) 102, 1 29?. Ber, 19, 470c. 

■ SpeciraJanalyse, in Encyklopadie der Nacurw. 33 (WinkelmAOitt 
Fhysik. Breslau, 1894) p. 440. 

• R M. (1S90) [s] 30. 



and cadmium, although his fundamental homologous lines were 
correctly selected ; since the selection of homologous lines 
is to some extent arbitrary, the close agreement in the calcu- 
lated values for gallium and germanium must have been partly 
due to chance, DitteJ Troost and Hautefeuille/ Ciamician/ 
Hartley,* Ames/ and Grunwald* have also investigated the 
interrelationship of the spectra of various elements, but Ames' 
work alone has proved to be of permanent value. He 
measured the wave-length of the triplets in the spectra of 
zinc and cadmium, and calculated the differences in the 
number of waves between the third lines of the triplets; they 
decrease from triplet to triplet, are nearly identical for each 
element, and prove the lines to be true homologues* In the 
more strongly nebulous series the values for zinc are 58 263, 
141, 84, and for cadmium 587, 264, and 84, 

The investigations of Kayser and Runge, and of Rydberg 
have thrown most light on the relation between the spectra 
of different elements- Their method consists in a combina- 
tion of calculation and observation, their ow^n exact remeas- 
urements of spectrum-Hnes being utilized by the first two 
observers. The relationship of the spectra of different ele- 
ments follows from the law already stated which expresses 
the connection between the lines of a single element. In 
spectra of similar structure the homologous lines are those 
with identical ordinal numbers. The work hitherto completed 
shows that the spectra fall into the same groups as the ele- 
ments. In the case of the first three groups of the periodic 



I a r. (1871) 72, 6ao. 

* Wicn, Bcr. (1378) 78. 767; (iS8o> 82 [2]. 

* Jour. Chem. Soc, London (1SB2) 84; 1883, 390. 
» R M. (l8qo)[5] 30, 33- 

< Astr. Nachr- (1887) 117. Wien. Ber. (1887) 96 [a]; (1SS9) 97 fj]; 
(iSqo) 98 (3]. Wien. Am- 1890. Comp. also Atnes, K. (iSS3) 38. Kayser. 
Chem. Ztg^. iiSSg) 13; (iSgo) 14. Rungc, P. M. (1890) [5] 30, GrQn* 
wald, Chem. Ztg, (1890) 14. 
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system the subdivisions are also well marked, so that the 
following classification may be made: 

1. Lithium, sodium, potassium, rubidium, caesium. 

2. Copper, silver. 

3. Magnesium, calcium, strontium. 

4. Zinc, cadmium, mercury. 

5. Aluminium, indium, thallium. 

In each of the above groups the spectrum approaches the 
red as the atomic weight increases, but in passing from group 
to group it approximates towards the violet. The systematic 
representation of these spectra as given by Kayser and Runge 
is shown in Fig. 40; the values given are the number of 
vibrations, and, for the sake of clearness, only the first lines 
of pairs and triplets which have been actually observed 
are shown; the figures opposite to the lines are their ordinal 
numbers. 

The interrelationship of spectra and atomic weights has 
been already referred to; it may be briefly expressed by 
saying that the breadth of pairs and triplets, measured by the 
difference in the number of their waves, is approximately 
proportional to the square of the atomic weight. 
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An accurate knowledge of spectra is of the greatest im- 
portance for any application of spectrum analysis; the standard 

of measurement is the wave-length in air, at medium tern- 

* 

peratures, under a pressure of 760 mm* expressed in Ang- 
st r6m*s units (A) or tenths (/i/j). Until recently all observa- 
tions were based on Angstrom's wave-length determinattons, 
and on his drawings of the solar spectrum (Spectra normal du 
Soleil'); this scale was universally employed during twenty 
years, but after Angstrom's death it was shown by Thalen ' 
to be inaccurate in consequence of Angstrom having used a 
reputed metre measuring-rod less than one metre in length. 
New determinations of absolute wave-lengths have been 
subsequently made by Miiller and Kempf/ Kurlbaum.* 
Peirce,* and Bell;* of these the values for the Z?,-iine of 
Peirce and of Bell agree exactly > and that of Miiller and 
Kempf very closely; the latter is used as the basis of the 
Potsdam system. Since the relative values are often of 
greater importance for spectroscopic purposes than the abso- 
lute onest Rowland ' combined the various numbers as shown 
below, and employed the mean value as the foundation of his 

^ Rccherchcs snx Ic spectre du soleil (Upsala, t86S). 

• Sur le tipecire de fer. N. A. S. U, [3] 

* PybJicat. des AstrophysikaL Obs. zii Potsdam (18&6), 

* W. A. (1888) 33, 159. 381. 
' SiUiin. JoufTj. [3] 18, 51. 

• P, M, {r388)[s] 26, u$. 35^ 

' Astronomy and Astrophysics (i&gs), 12, 321, P, Mt (1894) [5] 36, 4g. 
A list of the standard wave-lengths is gi^^^ the chapter on the solar 
specirym together with references to Rowland's latest publications on the 
subject. 
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solar atlasp and standard wave-lengths obtained by the coin- 
cidence method ; as this admits of a degree of exactitude 
(o*OiA) otherwise unattainable^ all recent measurefnents have 
been based on his scale. 



Relative 
Wcighti. 


Obierrer. 


A. 






5895^^1 


3 






3 




5S9S.9O 
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5B96.2O 


10 










5896.156 



The wave-lengths of the spectrum lines given in the suc- 
ceeding pages are all based on Rowland's system ; this has 
entailed a recalculation, by the use of Watts' tables/ of all 
measurements published before 1889, and also of certain 
others. The object of the tables was to exhibit the relation- 
ship between Angstrom's and Cornu's solar atlases and 
Rowland* Si To reduce Angstrom's scale to his own system 
of wave-lengths Rowland multiplies the values by the factor 
1.00016. 

Such recalculations are open to objections, but these 
are overruled by the great inconvenience of wave-lengths 
determined by two different scales, particularly when they 
refer to the same element; moreover the table permits 
of the revised values being reconverted into the origmal 
ones. The accuracy of the older measurements should not 
be overrated, it falls far short of that attainable by the 
use of the grating and photographic appliances, such as 
have been used by Kayser and Runge, Liveing and Dcwar, 
Hartley and Adency, Hasselberg, Ames, Trowbridge, and 
others. Most of the older measurements^ with the refer- 
ences, have been taken from Watts' " Index of Spectra."' 

^ A. R. {tS9o). (London, tSqt), p. 224- 

' Manchester, iSSg. ConUnuslions arc gtven in che B. A. R. 
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Taile ro» THE Reductiox of Ancstkox's CoExr's Wave-lengths 
TO Rowland's Values, derived feom the Unit /?i = 5S96.156. 
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which gives a fairly complete list of the measurements of line- 
spectra made before its appearance. In the following pages 
the lines of each spectrum or portion of a spectrum are all 
from one series of measurements, and that the newest or 
most trustwothy; only the brighter lines have been included. 
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in general those between I and 3 on the German scale of 
brightness, in which the brightest is 1 and the faintest 6, In 
the English scale the brightness increases from I to lOp so 
that the lines included are those between 6 and 10, but where 
the fainter lines are characteristic they have also been given* 
The lines are not provided with intensity-scale numbers 
which are only of value in the case of closely adjacent lines, 
whilst their assignment is always somewhat arbitrary, but in 
order to facilitate orientation the specially bright lines have 
been printed in bolder type* The arrangement of the tables 
follows the ordinary plan: double or triple lines are enclosed 
in parentheses; bands are indicated by b, those sharply 
bounded at the red end and shading gradually towards the 
violet are distinguished by b''» those showing the opposite 
behavior by b''. Lines which are usually designated by a 
number or letter, such as the /J^-line, have these enclosed in 
brackets, and prefixed to the wave-length; measurements 
are given to as many places of decimals as are required by 
the accuracy of the observation. Listing's ^ scale is used 
for the classification of the lines according to color; it runs 
as follows: 

• , , * to 7230 infra- red, 5^50 to 5750 yellow. 4540 to 4340 indigo* 

7230 ** 6470 red. 5750 ** 49^0 green. 41240 *' 397© violet, 

6470** 5S50 orange- 4920'* 4550 blue. 3970*' ultra- violet* 

The deliaicy of spectrum reactions has been determined 
by Kirchhoff and Bunsen for certain flame-spectra^ and by 
Cappel for a series of spark-spectra: the number in the table 
below gives that fraction of a milligram of pure substance 
that could be detected. 

KtRCHHOFF AMD BuNSEN.' 

Barium chlorate > 1000 Potassium chlorate ^ ^ , 1000 

Cmiitiin chloride 20000 Rubidium chloride^ * 5000 

Calcium chloride, . 16666 Sodium chlorate 3000000 

Lithium chlorate* « ^ - riiiii StronUtim chloride p , « 16666 



' P, A. (186S) 131, 564. 



« md, (1660) tlO. 161, 
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Cappel's ' results are as follows 

Gold 

Indium 

Iron 



Barium 900000 

Bismuth 7000O 

Cadmium... 18000 

Caesium .... 4000 

Calcium 10000000 

Chromium.. 4000000 

Cobalt 15000 

Copper 20000 



40G0 
90000 

26000 

Lead 20000 

Lithium.... 40000000 
Magnesium. 500000 
Manganese. 200000 
Mercury • • • 10000 



Nickel..... 
Potassium. 
Rubidium . 

Silver 

Strontium . 
Thallium. . 

Tin 

Zinc 



600 
40a 
looa 
12000 
100000000 
80000000 
17000 
600000 



ALUMINIUM. 

The visible portion of the spark-spectrum of aluminium 
has been investigated by Kirchhoff,* Thal^n,* and Lecoq de 
Boisbaudran,* and the ultra-violet region by Hartley and 
Adeney, and Comu;* the latter gave a graphic representation 
of the lines of shortest wave-length, together with a formula 
from which Julius* was enabled to calculate the wave-length. 
The arc-spectrum has been measured by Liveing and Dewar/ 
and more recently by Kayser and Runge,' who were unable 
to detect a single line in the visible spectrum, although the 
bands of alumina were always visible. These have been 
investigated by Hasselberg, and are given in a separate table 
below. 

Arc and spark spectra: 



6728.5* 
8092.84 

3050.19 
2367.16 

2150.69 



5696.6* 
3082.27 
2660.49 

2269.20 
2145.48 



5057.4* 

3066.28 
2652.56 

2263.52 
1989.90 



4662.9* 

3064.42 
2575.20 

2210.15 
1935.25 



8961.68 

3060.04 
2568.08 

2204.73 
1862.20 



8944 26 

3057- 26 
2378.52 
2174.13 
1854.09 



3092.95 
3054.81 

2373.23 
2168.87 



» P. A. (1870) 139, 62S. 

» A. B. A. 1861. 

»N. A. S. U. (1868) [3I 6. 

* Spectres lumineux (Paris, 1874). 

» Spectre normal du Solcil (Paris. 1881). C. r. (1885) 100, 1181. 

* Nalurk. Verb. d. Akad. v. Wetensch. Amsterdam (1S88), 26. 
' P. R. S. 28, 367. P. T. (1S83) 174. 220. 

* A. B. A. 1892. Runge, W. A. (1895) 55, 44. See also E. Becquerel, 
C. r. 96, 1218: 97. 72. 

* Visible only in tbe spark spectrum. (Thal6n.) 
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ALUMINIUM oxide/ 

Arc-spectrum: 



Group 5210 — 5079; 



5163.05 


5156*45 


5155-42 


5147-93 


5143-27 


514308 


5123.79 


(5123.57 


5123.47) 


5102.84 


5102 32 


5079-52 






Group 5041 — 


■484a: 












4914-35 


49«19«S5 


4908. 3t 


49<Xi.7i 


4906,52 


4906.07 


4905.22 


4905.04 


4904.84 


4903.7 a 


4903*54 


4899*16 


4895.20 


4B95.00 


4S9^^»32 


4890.44 


4888.57 


4888.41 


4887*79 


4886.08 


4885.37 


4333^45 


4883,43 


4S82.24 


4881.35 


4880,07 


4879.91 


4878.90 


4S7S-79 


4S77-7S 


4S76.64 


4876,56 


4875-4^ 


4873,50 


4373*35 


4a7a.46 


4873.29 


4871.48 


487a4<> 


4S69.45 


4868.42 


4867.48 


4866.54 


4863.09 


4863.77 










Group 4B42— 


464 S : 












4S10. 16 


4809.80 


4766.75 


4766.53 


4760. 32 


4752-53 


4752,27 


4749.19 


(4745.17 


4744-95) 


4742-56 


(4736.08 


4735*94) 


4727-40 


(47I9.4I 


4719.29) 


4715-45 


4711.98 


4711. Si 


(4707*53 


4707.26) 


(4706* 26 


4706.17) 


(4706,01 


4705*89) 


4699,00 


4697- 90 


(4695.80 




4689.77 




4658.68 


4655^34 


4ei« 14 




Group 4G4S- 


-4471 












4593-97 


4570.44 


4557.S4 


4547 13 


4543.23 


4dS7ed 


4534*24 


(4523-45 


4522,56) 




451 1 33 


4494-23 


4478.64 


4470.63 



ANTIMONY. 

The spark-Spectrum is obtained either by the use of the 
metal or of a concentrated solution of the chloride; it has 
been measured by KirchhofT/ Hugginst* Thal^n,' and Hartley 
and Adeney,* The arc-spectrum, which differs from that of 
the spark, has been investigated by Liveing and Dewar/ and 
the portion commencing at A = by Kayser and Runge.' 

^ Hasselbcrg, K. Svenska Veteosk. Alcad. Hand], (1892) 24, No. 15. 
Lccoq de Boisbaudran. Spectres turn ineux (Parts, 1874). Thalfn, Up$aJ. 
Universii. Arsskrift. 1866, Lock ye r, P. T. 163, 658. 

' A. B, A. 1861. 

* P, T. (1S64) 164, 139, 

* N. A. S. U. (1868) [3] 6. 

* P, T. (1884) 176, I a6. 

* 7»M (1883) 174, 221. 

1 A. B. A. i8q3. Also Lockyer. P. T. (1873) 1^3. 369* Lecoq de Bois* 
baudran, Spectres lumineux (PariiS, 1874). 
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SPECTRUM AXALYSIS. 



In the visible portion of the field the lines are feeble and ill- 
defined, and are not present in the spark-spectrum, the lines 
of which are absent from the arc-spectrum. According to 
Lockyer and Roberts ' antimony vapor produces a continuous 
absorption -spectrum in the blue. 



Arc and spark spectra: 










6302.8* 


6129.7* 


e079.S* 


OOOi.7* 


5910. I* 


5394.6* 


5639.1* 


5563.25 


4949-7* 


4878.6* 


4592.4* 


4352.6* 


4265.6* 


3739.6t 


3593.6f 


3566.8t 


3559-9t 


3505.2! 


3499- it 


3474. 7t 


3427.0! 


3333 9t 


3305.4! 


3267.60 


3232.61 


3029.91 


2950.2! 


2965.6! 


2913.1t 


2890.7} 


2878.01 


2790.0! 


2770.04 


2719.00 


2682.S6 


2670.73 


2652.70 


2631.6! 


2616.7! 


2612.40 


2598.18 


2528.80 


2506.9! 


2445-59 


23S3.71 


2373.7? 


2360.60 


2311.80 


2306.56 


2262.55 


2179.33 


2175.99 


209S.47 


2088.54 












ARGON. 









Argon was isolated from the atmosphere in 1894 by 
Rayleigh and Ramsay.* The pure gas, in a Geissler tube, 
exhibits several lineal spectra depending on the pressure in 
the tube and on the nature of the electric discharge. Crookes * 
discovered two of these, and from the predominant color of 
their light termed them the red and the blue spectrum 
respectively. Eder and Valenta * have observed a third 
spectrum, which they term the white. It is produced by the 
use of very large condensers in conjunction with a powerful 
induction-coil and a strong current. In these circumstances, 
under a pressure of 15-20 mm., white light is emitted from 
the capillary. Spectroscopically the light is peculiar; the 
majority of the lines become widened, and few remain sharp, 
many coincide with lines in the blue and red spectra, but 

' P. R. S. (1875) 23, 344. 
- P. T. (1895) 186, 221. 
» C. N. (1895) 72, 66, 99. 

* Sitzungsbenchi d. Wiener Akad. Mathcm.-Naturw. (1895) 404. Denk- 
8chr. d. Wiener Akad. (1896) 64. 



* Visible only in the spark-spectrum. 
! Visible only in the spark-spectrum. 



(Thal6n.) 

(Hartley and Adeney.) 
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certain groups are displaced from o*S-i Angstrom towards 
the red. At present Eder and Valenta are unable to suggest 
the cause of this partial displacement, but it appears to be 
connected with the pressure and temperature of the gas» and 
with the nature of the electric discharge. There is still some 
doubt as to whether argon is an element or a mixture of two, 
Dewar, and subsequently Bert helot have suggested that it is 
an allotropic modification of nitrogen, but later work does not 
lend confirmation to this view. The gas obtained from 
cl^veite, which was formerly supposed to be nitrogen, has 
been shown by Ramsay to exhibit all the lines of atmospheric 
argon together with several others including the D^Alnfi of 
hchum ; but atmospheric argon contains at least three bright 
lines in the violet which arc not shown by the gas from 
cl^veite; hence Ramsay concludes that atmospheric argon is 
probably a mixture. Bert he lot " obtained a fluorescent spec- 
trum by the action of a moderately strong induction-current 
on a mixture of argon ^ benzene vapor, and mercury^ in a 
Geissler tube; the spectrum differs from that given by any 
other gas^ and the yellow and green rays were perfectly 
visible in the spectroscope in full daylight. He considers 
that the spectrum is that of a compound of argon and mercury 
with the constituents of benzene, but Dorn and Erdmann' 
found that some of the lines were those of mercury and 
nitrogen* Eder and Valcnta ' have photographed the argon 
spectrum between A = 5060 and 3320;^^*, using a powerful 
concave grating, and Kayser^ has published a preljjr*inary list 
of the lines in the blue spectrum, the gas being obtained from 
the atmosphere; the lines observed are not given in Rowland's 
Atlas and reproductions of the Fraunhofer lines. 



' C, r< (iStjs) i^Oi 797. io4*j. 1386; (iS97> J 13. 
• Lteb. Ann. (1895) 207, 230- 
'Wiener Akadern. Anzetger (1S95). No. 21. 

^ C. K. (iSgs) 72. 99. Siuungsber. d. BerJ, Akad. 24. See also 

Newall. C* N. 71, 115. 
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SPBCTRL'M A\ A LYSIS. 



Trowbridge and Richards' find that the oscillator)' dis- 
charge of the condenser is an important factor in producing 
the blue spectrum of argon. The pure red spectrum is 
obtained if the tube is connected with the terminals of an 
electric machine: but if the spark-gap is interposed, the spec- 
trum changes at once to blue. 



Red spectrum: 



7723-4 


7^^35.6 


7515-4 


7333-9 


7o66l6 


6964.5 


6415.2 


^»3i-5 


5739-57 


565 1 .03 


5607.44 


5597- 59 


5572-57 


5559.02 




54yi. 16 


5451-95 


5421.6S 


5221.65 


51S7.47 


5162.59 




47'>2-40 


4625.60 


4596.30 


4522.49 


4510.90 


4345.27 


433;-42 


4333 ^-5 


4300.18 


4S72.S9 


4266.44 


4259.50 


4251.27 


4S00.75 


410S.40 


'4191.02 


4190.55) 


4152.05 


4164.36 


4158.65 


4152.97 


4054-^^5 


4046.04 


4044.52 


3848.06 


3947-75 


3594.75 


3334.53 


37? I 07 


3680.30 


3675.43 


3649.99 


3634.64 


3632. 82 


3606.69 


3555.64 


3567.55 


3564.54 


3563.50 


3554.45 


5461.23 


33'>*.03 


3034.7 


3021.9 


2967.3 


2614.6 


2516.3 


2478.65 


Blue spectrum : 












6644.2 


6059.5 


6043.0 


6031.5 


5651.03 


5607.44 


5559 02 


5496.16 


5257.24 


5166.03 


5145.57 


5 142. 20 


5062.35 


5017.46 


5009.63 


49<»5.38 


4933.49 


4580. 14 


4566.14 


4S47.94 


4806.17 


4765.04 


4736.03 


4658.04 


4637.35 


4609.73 


4590.05 


4579.53 


4S45.26 


4303.15 


4481.99 


4426. 16 


4401.19 


4400.25 


4379.79 


4371.46 


4370.92 


4352.40 


4S48.11 


4331.31 


42S3.03 


4277.65 


4266.44 


4237.34 


4225.27 


4222.76 


4182.97* 


4179.45 


4175.58 


4175 25* 


4174.20* 


4172.95* 


4I72.05* 


4156.30 


4131.95 


411304 


4104.10 


4082.59 


4079.80 


4076. 85 


4072. 58 


4072.18 


4053.12 


4043.04 


4038.99 


4035.58 


4033.99 


4013.97 


3992.17 


3979.57 


3974.70 


3946.20 


3944.50 


3932.71 


3931.32 


3928.78 


3925.93 


3914.93 


3911.69 


3907.80 


3892.15 


3891-53 


3880.46 


3S75.40 


3872.26 


3S68.68 


8S»0.70 


3845.51 


3841.63 


3830.58 


3826.92 


3809.53 


3808.72 


3803.38 


3799.65 


3795.56* 


3786.60 


3781.07 


37^^'. 30 


3765.43 


3763.76 


3753.60 


3738.04 


3734.70 


8729.52 


3720.61 


3718.39 


3717.36 


3660 70 


3656.26 


3655.52 


3651.04 


3640.00 


3637.25 


3622.31 


8588 84 


3582.54 


3581.82 


3576.80 


3565.20 


3561.20 


3559.69 


3548.69 


3546.08 


3545.78 


3535.53 


3522.14 


3521.46 


3520.15 


3514.53 


350<}.93 


3491.71 


3480.69 


3478.42 


3476.96 


3464.33 


3454.30 


3421.80 


3391. 86* 


3388.65 



» Amcr. Jour. Sci. 1897 [4] 3, 15. P. .M. 43. 77. See also Friedlinder, 
Zcit. f. phys. Chcm. (1896) 19, 662. 

* Visible only by the use of powerful condensers, otherwise absent 
from the normal blue spectrum. 
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4 V c 1 in 

J J J 1 . lU 


J j^/' J / 




-5 201 82 


^"H* 


3281,83 


J*"J / * 




5 1 9 1 . 36 


3169.88 


3161,64 


1 1 10* 26 


J^V J* 3 ^ 








*V*t J' ■ / 


2024*02 


2896.97 


2891,87 






2760 7 




27JJ 88 


27ta.67 


2708,40 






*^44-*^ 




2516. S 


2^1^ 6 
"J * 3+ u 










2 J a J e 


2433. S 


2 \1 1 *l 7 




5 lis J 2 








2HI 7 










22*12. J; 






2210*0 


* / J*''' 






2 1 30. 6 


2050.5 








White 


spectrum 












530a 04 


5*87.24 


5166.03 


5145.57 


5145^^10 


5062.35 


50*7-46 


5009. 63 




4965.38 


4933-49 


4883,83 




4867.72 


4347.94 




4765.04 


473*>-o3 




4658,04 


4&O9.75 


4590^04 


4579.53 


4545.26 


448? -99 


443t>'35 


4426.16 


4401,19 


4400.25 


43T9-79 


437»»46 


4370-92 


4352.40 


4341.11 


4333-20 


4331.31 


4378.02 


4266.44 


422S.37 


4104.93 


4072*3 


4013.97 


3933. 4" 


392S'78 


3892 15 


3869, 50 


3850,70 


3827 67 


3781,58 


3766.21 


3739,52 


3589,11 


3582,79 


3577.27 


35^1' 50 


3560.15 


354a.5S 


3S14.9S 


5510.36 


3491 71 


3477-38 


333i*'94 


3377'j8 


33Si*So 


3294. ss 













ARSENIC. 

The spark-spectmni of arsenic is obtained by the use of 
the vapor of the element, or of the chloride contained in a 
Geissler tube* The arc-spectrum differs from that of the 
spark, and exhibits no lines in the visible field; the portion 
from 6oo/JH onwards has been photographed by Kayser and 
Runge:* between 300/^/4 and 200^pt the lines are numerous 
though not very strong, but they are often observed* showing 
the wide distribution of arsenic^ and its frequent occurrence 
as an impurity; indeed the lines ;i := 2349 and 2288, which are 
the strongest, are rarely absent from any spectrum of a carbon 
arc. Lockyer'and Ctamician ' have described a channelled 
absorptton^spectrum. 

A A, B. A, 1S93. 

»C. r. (1874) 1790, 

'Wicji, Her. 76. 49q; 78, 867: 82, 435. See also Thal^fi. N, A. S. U. 
<i868)[3] 6. Hartley and Adeney. P. T, {1884) 176. 134. Kirchboff. A, B. 
A, i86t- Huggifis, P, T, 11864) 139. Plttckcrancl liktorf, K T. ISB, 
I, DiEtc, C, r. (1871) 73, 73S. Huntingdon, SUlim, Jour. (1S8U 22, 214. 
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SPECTRUM ASALYSIS. 



Arc and 


spark spectra: 










6170.7* 


6III.2* 


5652. I* 


5559-2* 


5499.1* 


5332.1* 


44^ 7t 




44S94t 


4431.7^ 


4036.7t 


3949-2* 


3931.4* 


3922.3t 


3825- 1* 


3785.0^ 


311969 


3075.44 


3057. 7* 


3053.0* 


3032.96 


2991. 1 1 


259*- 83 


2860- S4 


2830.21 


27S0.30 


2745.09 


2601.2* 


2528. 3+ 


2526- 4f 


2492.98 


2456.61 


2437.30 


2351.28 


2370.85 


2369.75 


SS49tS 


ms.i9 


2271.46 


222S.77 


2165.64 


2157.1* 


2I4S.2f 


21J4.21 


2133-92 


2113 14 


2067.26 


2009.31 





B.\R1UM. 

The spark-spectrum of barium has been investigated by 
Kirchhoff,' Huggins,' Thalen,* and Lecoq de Boisbaudran ;* 
the arc-spectrum by Lockyer,* Liveing and Dewar/ and, 
most accurately, by Kayser and Runge,' who employed the 
chloride and carbonate, and measured 162 lines. Barium 
compounds are gradually dissociated in a hot Bunsen flame, 
and all exhibit the band-spectrum of the oxide, together with 
line \ = 5 535.69 of the metal. Immediately on their introduc* 
tion the haloid derivatives produce their own peculiar fugitive 
spectra ; these can always be obtained with certainty if a wire 
holding ammonium chloride is placed in the flame below the 
specimen of barium salt under examination. For prolonged 
experiments hydrogen chloride, hydrogen bromide, or iodine 
vapor must be introduced into the flame. The flame-spectra 
of these compounds have been studied by Mitscherlich * and 
Lecoq de Boisbaudran. 

» A. B. A. t86i. 

» P. T. (1864) 154. 139. 

» N. A. S. i:. (1868) [3I 6. 

• Spectres himineux (Paris. 1874). 
» P. T. 163, 369: 164. 80^). 

• Ibid. (1883) 174, 216. 
' A. B. A. 1891. 

• P. A. (1862) 116, 419. (1863) 121. 4S9- For the flame-spectrum fcc 
also Hiinsrn and Kirchhoff. P. A. 110. 161. Bunsen. P. A. (1S75) 155. 366. 



♦ Only visible in the spark-spectrum. (Thal6n.) 

\ Only visible in the spark-spectrum. (Hartley and Adeney.) 
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Arc and spark spectra: 



&497 07 




6ti 1.01 


6063.33 


6019.69 


5971-94 


59«>7h85 




SJiab. so 


5805.86 


5 Boo. 43 


K^ff T All 


56S0. 34 






5424*82 


5267.20 


4934.^ 


4903*11 


4900. 13 


4726.63 


4700.64 


4691.74 


4673.69 


4579-84 


4S74<>a 


4fiH.2L 


4535^19 


4523.43 


4506. 1 1 


4433*13 


4402.75 


4350.49 


4283*27 


413^-^8 






393^. <>9 


3935 87 


3910.04 


3891.97 


3611. J7 


3599.60 


3544-94 


3525.23 


3A01.29 


3357*00 


3071.71 


2735.28 


2771*51 


2634.91 


3347 <>7 


233s 33 


2304.32 






Flame-spectra: 












Harium bromide* . 




5359 


(5305 




5207 5IS(> 


Barium chloride 


5314 


5343 


(5206 


5172) 


5137 


Barium iodide 




5608 


5377 








Harium oxide 




6450 


6396 


{6 240 


61 79 


6109 6o32> 




(S9J9 


5&68) 


5S25 


{5769 


5730 5648^ 






5535.69* 


5493 


5347 


5216 


5090 4874 






BHRVLLiUM. 







The whole of the spectrum of this element has not hitherto 
been thoroughly investigated; some of the visible lines in the 
spark- spectrum have been measured by Thaldn* and Kirch- 
hoff,' and Hartley' has observed others in the ultra-violet* 
Cornu* mentions two lines in the arc-spectrum, and Crookes^ 
states that, when caused to fluoresce in a vacuum, a continu* 
ous blue spectrum is produced. Rowland and Tatnall ' have 
recently examined the arc-spectrum between X ^ 2100-4600; 
the lines are comparatively feeble. 

Arc and spark spectra; 

4572.869+ 4489. 4t 3905* at 3332.3t (3321.436 332i.ai8> 

(3131.200 3130-556) (3651,042 2650,414) 2649.8! (2494.960 
2494.552} 2493, 6t 2478. tt 2348.698 

1 N. A. S, U. (1868) f3] 6. 
« A. B, A. i86t, 

* J, Chem. Soc. 43* 316, 

* Spectre normal du soleil (Paris. t8Si). 

' A. c. p. [5] 23, 555. Sec aJso Luckyer, P, R. S. 27, 280. Clftmicilltp 
Wien. tJer, [2] 82. 425, 

' Astrophys* Jour. (1895} 1^ j6; 2, r8>* 

* Due to the metal itielf* f Spark spectrum^ 



IQ4 



SPECTKLM ASALYSIS. 



BISMUTH. 

The spark spectrum is obtained by the use of bismuth 
electrodes, and has been measured by Huggins,* Thal^n,* and 
Hartley and Adeney;' the arc-spectrum by Liveing and 
Dewar/ and recently, commencing at 6iSi';i, by Kayser and 
Kunge/ The spark-spectrum exhibits many lines that are 
absent from that of the arc. Bismuth salts, moistened with 
hydrochloric acid, produce in the Bunsen flame a fugitive 
band-spectrum of the oxide. The spectra of the compounds 
themselves are obtained by volatilizing them in a hydrogen 
flame. They have been drawn by Mitscherlich.* 

Arc and spark spectra : 



6493 


6130.2* 


6057.7* 


5862.6* 


58I7.I* 


5717-6* 


5552.44 


545 1. o* 


5271.1* 


6209 0* 


6144.0* 


6124.6* 


4993.9* 


4722.72 


456a9* 


4302.6* 


426r-».I* 


(4122.01 


4121.69) 


4079.7+ 


3864.4+ 


3793-3+ 


3757.6t 


3695.7+ 


3654.7+ 


36i4.6t 


3596.26 


3115.2I 


8067.81 


3^^24.75 


2993.46 


2989.15 


f988.41 


2$98.08 


2do<>.74 


2784.4+ 


27S0.57 


2766. 7t 


2730.61 


2696. 84 


2627.99 


2524.58 


2515.72 


2489.5 


2400. 98 


2276.64 


2230.70 


2228.31 


2203.2 


2189.70 


2i87.4t 


2176.70 


2167.03 


2152.93 


2134.38 


2133.72 


2110.86 


2061.77 















BISMUTH OXIDE. 
Flame-spectrum. The bands are measured from the red. 
6383 6195 6040 5874 5718 5583 5445 5329 5221 

BORON. 

According to Kayser and Runge'the arc-spectrum of this 
element consists of only two lines, which, together with a 

' P. T. (1864) p. 139. 

• N. A. S. U. (1868) [3] 6. 
» P. T. (1884) 176, 130. 

* Jhid, (1883) 174, 222. P. R. S. 29, 398. 
A. B. A. 1893. 

• P. A. (1863) 121, 459. See also Angstrom. Ibid. (1855) 94, 141. Mas- 
cari, Ann. dc rtcole norinalc(i866), 4, 7. E. Bccquercl.C. r. 96, 1218; 97,72. 

'A. H. A. 1892. 

* Visible only in the spark-spectrum. (Thal6n.) 

f Visible only in the spark-spectrum. (Hartley and ndeney.) 
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third, have also been observed by Hartley ' in the spark- 
spectrum; Eder and Valenta* found, however, fourteen 
additional lines, the majority of which are double, and con- 
firmed the presence of four that had been detected by 
Ciamician/ Rowland and Tatnair have recently photo- 
graphed the arc-spectrum between X =2100-4400. Only 
the double line could be detected ; the numerous bands arc 
probably due to some compound, such as boric anhydride. 
Boric acid and its salts produce a characteristic band spectrum 
in the Bunsen flame. 

Arc and spark spectra: 

3450.8* {2497,821 2496.867) 2367. of 5366. 4f 
BORIC acid/ 

The wave-length is measured at the middle of the bands. 
Flame-spectrum : 

6^gB 631 1 6032 ^SoS C4S1 S440 

5193 4913 4722 4530 

BROMINE, 

Bromine vapor gives a line-spectrum with the electric 
spark/ but the measurements of it arc only approximate. 
Its absorption-spectrum at the ordinary temperature has been 
accurately investigated by Has.selberg/ when a high disper- 
^ p. S, 35, 301- 

» Denlcschr, d. Wien. Akad- ^1893) 00, 307. 

' Sitzbcr. d. Akad. d. Wiss, zu Wien, [s] 82, 425. S«e also Troo&t and 
HautefeuilJc, C, r. {1871) 73, 620. Saleti A. c. p. (1873) [4] 28, 59. 

* Astrophya. Jour, (1695) 1* 16. 

* Lecoq de Boisbaudran, Spectres lummeuK (Paris, 1874). ThaJ^n, Up* 
9aL Univer^il* Arsskrlft. Atso Satei and Eder« and Valcnta, as above, 

* Saiei, Spectroscopic (Paris, 1838). A, c, p. [4] 28, 26, PiUcker, P. A. 
106, 527i 107, 87. Plttcker and Hittorf. 166, I. Ciamician. Wkn* 
Ber. 76 [a], 499; 77 [2], 839: 70 [a], 867. 

^ K, Svcnslc* Akad. Handlingar, (1891) 24, No. 3. M^m. dc I'acad- de 
Su Petcrsb. (1878) 26, No, 4^ See also Daniell and Miller. P, A. 28, 386. 
Roacor and Thorpe, P. T. 167, 309. Moser, P. A. 160, t88. 

* Visible only in the spark-spectrum. (HariJey.) 

\ Visibte only in the spark-spectrum. (Eder and Valenta.} 
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sion is employed it is seen to consist of a large number of 
fine lines grouped into bands. 

The spectrum obtained with a continuous discharge differs 
from that produced when a condenser is included in the 
circuit.* 

Spark-spectrum of bromine vapor: 



7000* 


6780* 


6630* 


6583 


6559 


6546 


8858 


6148 


5876 


5830 


5723 


559« 


(5509 


5497 


5491) 


(5450 


5423) 


(6827 


5305 


5240 


5184 


5166) 


5060 


4930 


(4816 


4788) 


4706 


4677 


4618 


4366 


3980 











Absorption-spectrum : 



Group 


6162 — 6142 : 


6158.09 


6155.45 


6154.19 


6150.57 


6148.15 


Group 


6142 — 6122 : 


6125.12 


6124.01 








Group 


6122 — 6103 : 


6117.61 


b (61 16.47 


6115.67) 


6108 49 




Group 


6103 — 6079 : 


6083.20 


6082.50 


6080. 36 


6079.78 




Group 


6079 — 60^^ • 


6077.85 


6069.61 








Group 


6066 — 6042: 


6064. 50 


6055.95 


6055.76 


6055 22 


6054.78 






6054.25 










Group 


6042 — 6<x)3 : 


6021.02 


6020. 1 5 


6018.40 


6017 73 


b (6017.18 






6016.56) 


6013.46 


(6011.28 


6011.02) 


6008.26 






6008 03 










Group 


6003—5977 : 


5982 65 


59S2.34 


5981.55 


5981.30 


5980.25 


Group 


5977—5949: 


5966.29 


5964 97 


5964.35 


5961 44 


5961.06 






5960.54 


59(^>o. 16 


5959 22 


5958.32 




Group 


5949—5935: 


5942.73 










Group 


5935—5896: 


5929.33 


5924.62 


5924.23 


5924.00 


6906.18 






5904.36 


5<P3.69 


5898.45 






Group 


5896-5862: 


5869.91 










Group 


5862—5832 : 


585495 


5846.34 


5844.78 


5843.44 


5838.81 






5S38.16 


5837.59 


5836.95 


5836.41 


5832 43 


Group 


5832—5807 : 


5828.60 


5812.41 


5812.18 


5809.57 


5808.87 






580S.15 


5S07.95 








Group 


5807—5791 : 


5802.82 


5802.26 


5800.93 


5?9'5.i5 


5796 81 






5795.64 


5795.44 








Group 


5791—5763: 


5782.46 


57S2.01 


5777.39 


5774.75 


5773.90 






5773.02 


5771.29 


5765.71 


5765.03 


5764 42 


Group 


5763—5742: 


57^>o.33 


5748.57 


5747.55 


5744.46 


5742.54 



* Trowbridge and Richards. .Amcr. Jour. Sci. (1S97) [4] 3, 117. P M. 
43, 135. 

■* Inaccurate. 
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Group 


5742—5712: 


5789.81 


5738.91 


5738.11 


5737.25 


5736.49 






5730.97 


5789.69 


b (5727.68 


5726.98) 


5726.14 






5725- 79 


5725.54 


5715.38 


5712.44 


5712.18 


Group 


5712—5688: 


5711.38 


5702.53 


5701.83 


5698.62 


5697.29 






5693.89 










Group 


5688—5659: 


5678.0a 


5676.93 


5667.97 


5667.20 


5666.46 






(5664.31 


5664.06) 


5663.52 


5659.37 




Group 


5659—5616: 


5657.45 


5656.93 


5647.46 


5646.42 


5634.43 






5617.61 










Group 


5616—5587: 


5603.27 


5602.44 


5598.70 


5596.17 


5595.69 






5595.17 


5592.68 








Group 


5587—5555: 


5573 63 


5572.93 


5572.73 


b (5570.47 


5569.90 






5569.56) 


(5566.75 


5566.33) 


5565.97 


5563.90 






5563.00 


5561.35 


5550.44 


5560.16 


5559.86 






5567.42 


6556.98 


5566.89 


5556.03 


5555.86 


Group 


5555—5528: 


5542.08 


5530.65 








Group 


5528—5502 : 


(5506.88 


5506.36) 


5504.72 


5503.62 




Group 


5502—5477: 


5500.58 


5498.60 


5496.41 


(5491.98 


5491.36) 






(5485.19 


5484.93) 


(5482.70 


5482.53) 


5482.17 






5479-32 


5478.96 








Group 


5477—5456 : 


5468.94 


5467.24 


(5466.84 


5466.71) 


5464.96 






5461.81 


5460.74 


5460.19 


5457.15 


5456.89 


Group 


5456—5430: 


5455.62 


5442.86 


5439.75 


(5486.98 


5486.74) 






5432.25 










Group 


5430—5406 : 


5420.61 


5418.23 


5417.50 


5417.03 


5415.96 






5414.76 


5413.91 


5410.93 


5408.91 




Group 


5406—5372 : 


5390.90 


5389.92 


5377.93 


5375.92 


5372.30 






5372.11 










Group 


5372—5354: 


5356.49 


5353 80 








Group 


5354—5333: 


(5348.06 


5347.87) 


5342.38 


5341.82 


5340.92 






(5338.31 


5338.07) 


5333-11 






Group 


5333—5317: 


(5829.60 


5329.30) 


(5319.77 


5319.56) 




Group 


5317—5289: 


(5290.47 


5290.21) 








Group 


5262—5243 : 


5256.32 


5255.79 


5251.87 


5249.73 


5248.80 






5247.61 


5245.33 








Group 


5243—5215: 


5241.88 


5241.72 


5234.00 


5215.92 




Group 


5184— 5159: 


5184.57 


5184.29 


5183 60 


5178.56 


5174.91 






5168.26 


5167.41 


5163.35 


5160.54 





CADMIUM. 

The references given below show how numerous have been 
the investigations of the cadmium-spectrum; the latest are 
those of Kayser and Runge,* who occasionally employed the 



» A. B. A. 1891. 
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chloride, but usually the metal. The arc-spectrum differs 
considerably from that of the spark; the latter exhibits a pair 
of lines of the highest intensity of A. = 5378.8 and 5338.3, 
which are absent from the former, and the same applies to 
90 lines of inferior brightness between A. = 42 15 and 21 11 
which have been measured by Hartley and Adeney.* Cad- 
mium chloride and bromide are dissociated in the Bunsen 
flame, and exhibit the lines A = 5086, 4800, and 4678. 
Arc and spark spectra: 

6467.3* 6488.8* 5378.8* 5838.3* 5154 85 5086.06f 4800.09t 
4678.87t 4662.69 4413.23 361304 8610.68 3467.76 8466.88 
3408.74 8261.17 (3252.63 313329 3081.03) 2980.75 2880.88 
2763.99 2639.63 2601.99 2573.12 2329.35 2312.95 2888 10 
2267.53 2239.93 2194.67 2144.45 



C.KSIUM.' 

Bunsen and Kirchhoff discovered caesium in 1861 by 
means of spectrum analysis. Its salts are all dissociated in 
the Bunsen flame, and exhibit the lines of the metal; the 
more prominent ones are A = 4555 and 4593 in the blue, and 
A. = 6010 in the orange. 

Arc, spark, and flame spectra: 

69739 6723.6 6213.4 6010.6 5845.1 5664.0 5635.1 
4593-34 4555.44 38S8.83 3876.73 3617.0S 3611.84 



» P. T. (1883) 176, 98. See also Thal6n, N. A. S. U. (1868) [3] 6. Kirch- 
hoff, A. B. A. 1861. Mascart, Annates de I'Ecole normale (1866), 16. 
Lockyer, P. T. (1873) 163, 369 Cornu. Journ. de Phys. (1881) 10. 425. 
Liveing and Dewar, P. R. S. (1879) 29, 482. P. T. (1888) 179, 231. Ames, 
P. M. (1890) [5] 30, 33. Bell, Am. Journal ol Sciences, June, 1886. 

* Kayscrand Rungc, A. B. A. 1890. Bunsen, P. A. 119, i: 166. 366. 
Johnson and Allen, P. M. [4] 26, 199. Thal6n, N. A. S. U. (1868) [3] 6. 
Lecoq de Boisbaudran, Spectres lumineux (Paris, 1874). Lockyer, P. R. S. 
(1878) 27, 280. Liveing and Dewar, Ibid. (1879) 28. 352. 



* Only visible in the spark spectrum. (Thal6n.) 

t Visible also in the flame spectrum of the chloride and bromide. 
(Lecoq de Boisbaudran.) 
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CALCIUM, 

The line- spectrum of calcium has been measured by 
Kirchlioff/ Huggins/ Thalen/ Lccoq de Boisbaudran^* 
Lockyer,* Cornu,' Liveing and Dewar," and more recently by 
Kayser and Range, ' who employed the electric arc and 
calcium chloride. The faint bands which occasionally appear 
in the yellow and red when the arc is used arc considered by 
Lecoq de Boisbaudran to be due to oxide* Many of the 
calcium lines are readily produced, and are therefore always 
visible when carbon electrodes arc employed* H, Becquerel* 
observed band?* from X — S880-S830 and from A — 8760-85 So 
in the infra-red. The haloid compounds have been investi- 
gated by Bunsen. Mitscherlich/* and Lecoq de Boisbaudran 
in the Bunsen flame some bands peculiar to each compound 
are visible, together with those of the oxide and the blue 
line, A = 4226*91, of the metaL The oxide bands are also 
produced if the flame is charged with hydrogen chloride, 
hydrogen bromide, hydrogen iodide, or hydrogen fluoride. 

Arc and spark spectra: 

6499.85 6463.7 s 8439.36 6169,37 8163.46 6122,46 6102.99 
5867.1)4 58fiT.7T 5603.06 5601.51 55L|8,68 5&94.d4 5590.30 
5688. 9S 5582.16 551307 5340. G6 5270.45 5765.79 5364,46 
5362. 4S 5261.93 5:89.05 5041.93 4B7B.34 4586. L2 45S1.66 
4578.83 4537.17 4456.08 44S4.9T 4435.36 4435.13 4425.61 



^ A, B, A. 1861, 

* R T, (1864) 1B4. 139. 

* N. A. S. U. (1868) [3] 6. Spectre du fer {Upsala, 1884). 

* Spectres luttimeux (Paris, 1874)* 

» P. T. (1874) IC4. 809. C. r. 82, 660. 

' Spectre norm, du soleil {Paris, i33i). 

^ P. T. (1882) 174, 187. P. R, S. 20. 367, 475; 29. 398. 

' A, B, A. 1 89 1. Sec also Mascart, Ann. de recole nofiTjale (r866J, 15. 
Angsirdm, Recbcrches 5ur le spectre solaire ( Upsal, iS6fl). Eder and Va- 
Icnta. Phot. Corrcsp. 1893, p. 59. Rydberg, W. A. (1S94) 62, 119. 

•C, r. 94, i2iS; 97, 72. 
P. A. 121, 459 

i> Sperires lumineux (PaHs, 1§74). 
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4355*41 4318-80 4307.91 4802.68 4299.14 4289.51 4283.16 

4286 91* 3973 89 3968.68 3957*23 8988.88 8644.46 3630.82 

3624.15 3487.76 3361.92 3350.22 3344.49 3179-45 3158.98 
239S.66 2275.60 

CALCIUM BROMIDE. 

Flame-spectrum : 

6267 6243 6103 

CALCIUM CHLORIDE. 
Flame-spectrum: 

6266 (6203 6182) (6069 6045) 5934 

5817 (5544 55i8)t 

CALCIUM FLUORIDE. 
Flame-spectrum : 

6061 6027 5329 5302 

CALCIUM OXIDE. 

Flame-spectrum : 

6221 5996 (5544 5518) 

CARBON. 

This element has been more frequently mvestigated than 
any other; its spectra are extremely complex, but it is now 
generally acknowledged to exhibit two, a line and a band 
spectrum. The former is produced by the passage of sparks 
from a Leyden jar through carbon dioxide or carbon mon- 
oxide; its visible portion, between wave-length 3920-2266.5, 

o 

has been measured by Angstrom and Thalc^n,' and the ultra- 
violet part by Liveing and Dewar.' The band-spectrum has 
also been termed the ** flame-spectrum/' or ** Swan's spec- 
trum*' : it was first observed by Wollaston * in 1802, and then 

» N. A. S. U. (1875) [3] 9. 

« P. R. S. (1880) 30, 152, 494: (1882) 33, 403; (1883) 34. 123. P. T. (1882) 
174. 187. Also Eder and Valcnta, Denkschr. Wiener Akad. (1893) 60. 
» P. T. 1S02. 



* Also visible in the Bunsen flame. \ Probably due to the oxide. 
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investigated by Swan * from 1850 onwards. In common with 
Angstrom, Thalen/ and Livcing and Dewar," he ascribed it 
to hydrocarbons^ but the last workers, together with Attfield/ 
Morrcn,* and Dibbits,* subsequently recognized that it was 
due io carbon, since it is produced by the combustion of pure 
cyanogen in dry oxygen. This band- spectrum consists of five 
complex bands, with the following wave-lengths according to 
AngiiUom and Thalen. and Watts:' 

t or orange band. y^How'batuT ^ green band. 4 or blue b*nd, s or indi^fo band 
61S7-59S4 5t*33-54S5 5164-50^2 473^^77 43S 1-4332 

The three medial bands have been recently measured by 

Fi^vez,' and the green one by Kayser and Runge;* for the 

others there are only the old observations of Watts, Angstrom 

and Thalen, and Piazzi- Smyth available. In addition to 

the above bands others are sometimes observed in the arc; 

they occur in the blue, violet, and ultra-violet, and have the 

following wave - Ic n g t h s : 

1 fund. |[ [Und. Ill Band. IV Bknd. V F)<ind, 

4600-4500 4390-4150 3834-3350 3590-3550 3370-3350 

Their existence in the arc is doubted by Kayser and 
Runge; Liveing and Dewar have ascribed them to cyanogen, 
whilst Lockyer, H. W* V'ogel, and others regard them as a 

» P. T. (1857) 31. 4H* 

• N. A. S. U. (f875) 9^ 

» P, R. S. (1880) 30. 15a, 494; (1882) 33. 403; (1883) 34, 123. P, T. (1882) 
174, 187. 

< Ibid. (1B62) 162, 231. P, M. (1875) 49, 106. 
•A. c. p. Cr865) [4] 4. 305. 

• P. A. (1864) 122. 4g7, 

' K M, (1869) [4] 38. 247; 46, 12: (1874) 4B, 369, 456; (1875) «. 104. 
^ Mim. de TAcad. roy. dc Belgique {1885). 47. 
*A. H, A, 

Asir. Obs- Editib, (1871) 13, P- M. (1875) [4] 4SP, 24; (1879) [5] t, 
to7, P, T. E. 30, 93. 

P. R, S. (1878) 28. 308; (1880) 30. 33s. Sec also Placker, R A. {1858) 
105. 77; (1859) 107. 533, and with Hiltorf, P. T. 166. i. Jahresber. 
p. no. Van dcr Willigen, P. A, (1S59) 107, 473. Hugging, P, T. (1868) 
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second band-spectrum of carbon produced only at high tern* 
peratures, Kayscr at first shared this view, but experiments 
made in conjunction with Runge led to a different conclusion. 
A strong current of carbon dioxide was directed on to the 
arc* whereupon the cyanogen bands became fainter and dis- 
appeared » In order to prove that this was not due to a 
lowering of the temperature a still stronger current of air was 
substituted for the carbon dioxide; the bands immediately 
increased in brightness in consequence of the additional 
supply of nitrogen. The view that the cyanogen bands are 
essentially due to carbon is supported by their occurrence in 
comets, and in the solar spectrum : this last fact was long 
doubted » but was established by Rowland, That the spec- 
trum of a compound which is dissociated at 1000° should be 
visible in the solar spectrum appears somewhat paradoxical, 
but Kayser and Runge have pointed out that the carbon 
molecule, as is shown by its varying specific heat, is not a 
constant quantity, and the cyanogen bauds*' maybe the 
spectrum of an unknown compound of carbon and nitrogen 
which is capable of existence at very high temperatures. 
The cyanogen bands have been measured by Liveing and 
Dcwar, and the third, fourth, and fifth ones also by Kayser 
and Runge, 

The carbon bands all have their brighter edges directed 
towards the red end of the spectrum : each possesses a number 
of edges, varying from three to seven, which become weaker 
towards the violet. The lines extend from the first edge of 
one band to the beginning of the next, so that no portion of 
the spectrum from to 340/1/^ is free from carbon lines, 

the total number of which is at least 10,000, Metallic spectra 
obtained by means of the arc and carbon poles always exhibit 

168, 558^ Lickgg, Wjcn. Bcr, (1868) 62. 593, Troctst and Haute ft^ulllc, 
r. (t37i) 73. 630, WUllncr, P, A. (187s) 144. 481. Sairt, A. c, p. (ifl73) [4I 
2B, 60, Lecoq Boisbaudran, Spectres tLimincux (Paris. 1S74). Wescn- 
donck, In&ug-Diss. (Berim, tSSf). Har(1«y» B. A. R. 18S3, Edrr, Denkschr. 
Wiener Akad. (1890) 67. 
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the metallic lines superposed by the carbon bands, hence a 
good knowledge of the latter is very desirable. 
Line-spectrum: 

6684.0 6578.5 56951 5661.9 56475 5I45.0 

4266.6 3920.0 2837.2 2836.3 2746.5 251 1.9 
2509.0 2478.3 2296.5 

Band-spectrum : 

I. Orange Band 6187—5954: 6188.2 6119.9 6057.3 6001.8 5954.5 
II. Green-yellow Band: 

1. Edge: 5635-3 5634-3 5633-9 5633.4 5632.9 5632.2 5631.6 

5630.9 5630.1 5629.3 5628.5 5627.6 5626.7 5625.8 

5624.4 5623.1 5620.4 5619-6 5618.8 5617.8 5615.6 

5613.8 5611.8 5610.1 5608.5 5606.1 5603.5 5600.8 
5598.0 5595.3 5592.5 5589.7 5588.1 5587.4 5585.5 

2. Edge: 5584.4 5582.1 5578.8 5578-5 5578.2 5577-1 5575-5 

5573-2 5572.8 5572.4 5571. I 5570.1 5569.5 5568.3 

5567.2 5566.7 5565.0 5564-3 5563.9 5563.5 5561.4 

5560.5 5560.0 5558.1 5556.3 5556.0 5555.7 5554.1 

5552.9 5552.6 5540.9 (3. Edge). 

III. Green Band: 

1. Edge: 5165.4 5165.2 5164.9 5164.6 5164.5 5163.7 51(^3.2 

5162.7 5162.5 5162.0 5161.3 5160.5 5160.0 5158.7 

5157-8 5157.3 5156.2 5155.3 5154.5 5154.4 5153-4 

5153.0 5152.6 5152.0 5150.8 5149-2 5147.8 5146.2 
5144.7 5143-0 5141-3 5139.4 5137.7 5135-7 5133.8 
5131.7 5129.7 5129.4 

2. Edge: 5129 4 5129 3 5129.0 5128.8 5127 8 51274 5126.2 

5125.4 5124.9 5123.9 5122.9 5121.8 5121.6 5119-3 

5118.2 5116.8 5115.9 5114-4 5113.2 5111.8 5110.8 

5110.2 5109.2 5108.0 5106.5 5105.5 5103.9 5103.5 

5102.6 5101.0 5099.9 5098.2 5096.9 5095.3 5094.2 

5092.4 5091.6 5091.0 5089.3 5087.6 5087.1 5086.4 
5084.9 5083.1 5081.9 5080.1 5078.5 5076.8 5071.9 

5070.1 5068.8 5066.9 5066.1 5065.1 5063.7 5058.1 

5056.3 5054.8 5052.8 5049-7 5045.4 5041.5 5039.9 
5037.9 (5033-9 5033.7) 5032.2 5030.1 5026.0 5024.1 
5022.1 5017.9 5013.9 5009.6 5005.6 5001.1 4997.0 

4992.5 4988 3 4983-7 4979-4 4974.6 4970.3 4965.4 
4961^ 4956.1 4951.6 4946.5 4886.2 4854.2 4849.0 
4838.0 4809.7 4804.4 4798.4 

IV. Blue Band: 

I. Edge: 4737.2 4736-4 4735 9 4735.5 4735.1 4734.6 4734.1 

4733-6 4733-0 4732.4 4732.0 4731.0 4730.0 4729.4 
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4728.4 


4727.1 


4726.2 


4725.1 


4724.0 


4723.6 


4722.3 




4721.3 


4719.9 


4718.8 


4717.4 


4716.S 


4715.4 




2. Edge: 


4715.2 


4714. 1 


4713.3 


4711.7 


4710.5 


4708.6 


4707. a 




4706.9 


4705.9 


4704.0 


4702.6 


4702.1 


4699.9 


4699.4 




4698.4 


4697.6 












3. Edge: 


4697.2 


4695.6 


4695.3 


4694.2 


4693- 9 


4692.8 


4691.2 




4690.7 


4689.5 


4688.3 


4687.4 


4686.2 


4685.0 




4. Edge: 


4684.7 


4683.2 


4682.5 


4682.0 


4681.0 


4679.8 


4679.5 




4677.6 


4675.8 


4675.0 


4674.1 


4673.8 


4673.1 


4672.8 




4671.8 


4671.4 


4671.0 


4670.4 


4669.8 


4669.2 


4668.6 




4667.7 


4666.9 


4666.5 


4665.6 


4664.4 


4664.1 


4663.0 




4661.3 


4659.9 


4658.9 


4657.9 


4657.1 


4656. 8 


4654.6 




4653.7 


4652.3 


4652.0 










V. Band: i. 


Edge 4382.0 2. 


Edge 4371.4 3. Edge 4365.1 





CARBON MONOXIDE.* 

6079 5609 5198 b'' 6187.5 5184.5 5182.5 5179.5 

5176.0 5173.5 5x70 5167.2 4834.5b'' 4823.5b 4821.3 b 

4819.1b 4817.0b (4789.8b 4786.5b) 4509.8b'' 4394.7 b'' (A. and Th.) 
3493.3b'' 3307.5b'' 3134.6b'' 2976.8b'' 8888.0b'' 2792.7b'' 2665.1b'' 
2599.0 b* 2510.8 b* 2435.0 b* 2425.0 b* 2404. 7;b* 2394.0 b* 2381.5 b* 
2364.8 b* 2337.7 b* 2311.4 b* 2286.2 b* 2220 b* 2215.8 b* 2188. lb* 
2172.3 b* 2i6i.6b* 2149.9 b* 2127.8 b'' 2112.7 b* 2089.3 b'' 2066.8 b* 
(Deslandres). 

The bands marked b** are sharply defined towards the red 
and shade off towards the violet ; those marked b" are sharply 
defined towards the violet and shade off towards the red. 

CYANOGEN.* 

I. Band: 

4601 4575 4551 4533 4516 4506 4501 
II. Band: 

I. Edge: 4216.17 4215.67 4215. 31 4215. 04 4214.76 4214.0S 

4213.71 4213.29 4212.85 4212.39 4211.90 4211.37 

42ir.o3 4210.82 4210.23 4209.62 4208.98 4208.29 

» AngstrSm and Thal6n, N. A. S. U. (1875) 9. Deslandres, A. c. p. 
(1888) [6] 14. 5. 257. Pliicker, P. A. (1858) 106, 77: (1859) 107. 533. Watts. 
P. M. (1869) [4] 38. 249; 41. 12. WUllner. P. A. (1S72) 144. 481. Wesen- 
donck, W. A. (N. F.) (1881) 17, 427. AngstrOm, P. A. 94. 141. Thollon. 
A. c. p. (1881) [5] 26. 287. Piazzi-Smyth. P. T. E. 30, 94. P. M. [4] 49, 
24. A. S. Herschell. P. T. E. 30. 152. 

« Kayser and Runge. A. B. A. 1889. Liveing and Dewar, P. R. S. 30, 
494; 33, 403; 34, 123. Fox-Talbol. P. M. [3] 4. 114. Dibbits. De Spectraal 
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Its 



8. Edge: 



Edge: 
Edge: 
Edge: 
Edge: 



II L Band; 

li Edge: 

3, Edge: 

3. Edge; 

4- Edge: 



4203. 70 
4197.29 
4189,07 

4165.54 
4158*22 
4152.93 
4137,44 
4124.30 
4102. 8g 
4087.93 
4053.40 

3883,60 
3878.65 

5862,69 
3B61.91 
3S5S.8T 
3855*06 
3845*63 
3834.00 
3832*60 
3826,89 

38 1 9.4 1 

3S08.53 
3799,78 
3792.27 

3777*23 
3771.92 

375845 
5739*90 
3723,86 
37t8.42 
3705.15 
3694*05 



4206,85 
4202 17 
4196,10 
4185.89 
4177-53 
4165.24 

4149*31 
4133 Si 
4t22.35 
4099.27 
4083,31 
4051.05 

3S80.63 
3876.12 
3870*32 
3862 03 
3860.83 

3852.59 
3845,06 

3839-34 
3832.01 
3825.45 
3817,84 
3S06.56 
3798*05 
S7S7.32 
3776 12 
3768,42 
3756,45 
3738.55 
3727,11 
3716.23 
3702.96 
3^91^79 



4206,08 
4300,85 
4193-08 
4185.09 
4175-04 
4163,54 

4146,06 
4133-4+ 
4119-48 
4097-04 
4077,89 
4034^61 

3 S 80. 26 

3874.37 
3870,12 



3851,46 

3844.40 
3838.02 
3831*20 
3823-95 
3816-29 
3804. 86 
3797,07 
3783.65 
3775-40 
3764.46 
375^-38 
3736,62 
3724^95 
3714.03 
3700,75 
3689.55 



4205.30 
4198.85 
419I.51 
4182,44 
4171,87 
4161,80 

4143*12 
4131,24 
41 14. 20 
4092,98 
4076.06 



3879*90 
3873-17 
3866*18 



4204*46 
4 197. 82 
4190,30 
4181,52 
4167.82 
4161,43 

4140.94 
4128,19 
4110.04 
4090,95 
4073.74 



3850,35 
3843.17 
3836,6<3 
3830,80 
3822*48 
3814,72 
3803,21 
3796,28 
3781.80 
3774-21 
3762.46 
3746.19 

3733.54 
3722.78 
3713.06 
3698,52 
36S5.05 



3849,19 
3841.91 
3335.34 
3829,79 
3821.93 

3811*49 
3S01.48 

3793.89 
3779*92 
3773*65 
3761*13 
3744*11 
3731-41 
3720,60 

3711*85 
3697.16 
36S2.82 



4203,61 
4197.29 
4189,68 
4181,03 

4160,01 

4140.34 
4126,72 

4106.78 
4090.25 
4069.38 



3879.50 3879*08 
3872.93 3872.43 
3864,49 3863*57 



3859,85 3858,86 3857*87 3856,87 



3848.03 
3840.63 

3833^98 
3828.36 
3820,94 
3809,87 
3800.19 

3792.7s 
3778.03 
3772.29 

3760.47 
3742.<Xi 
3729.25 
3720,12 
3709.65 
36t}6 28 
3681.37 



Analyse, 1863, F. A, (1864) 122, 497, Draper. P, M, (1848) [3] 32, 108* 
Morren. A. c. p. (1865) [4] 4* 305. Pltlcker and HUiorf, P. T, 165. i, 
Jahrest>er, 1864, p. no. A, Mitscherlich, P. A, 121, 459. Watts, P. M. 
(1868) [4] 3$. 249: (1871) ta- wanner. P, A. (1S71) 144, 517* Lockyer, 
p. R. S, 27, 30S, CiamlcUn, Wien. Ber, l83o. Wesendofick. VV. A. F,) 
(1S81) 17; 427, A S, HerscheM, P, T. E, 30, 154, Thal^n, Le spectre du 
jerp 1884. Deslandres, A. c. p, (i388) [6] 14, 5, 
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IV. 







3680.55 


3679.40 


3678.30 


3676.05 


3673.79 


3671.54 






3669.78 


3669.30 


3667.04 


3664.81 


3662.57 


3662.26 






3658.09 


3655.86 


3653.66 


3651.45 


3648.03 


3644.30 






3642.67 


3641.15 


3640.50 


3638.33 


3637.31 


3636.39 






3635.24 


3633.09 


3631.65 


3629.35 


3624.22 


3619.17 






3607.92 


3607.44 


3606.98 


3606.51 


3606.05 


3605.6a 






3605.13 


3604.73 


3604.27 


3602.95 


3597.89 


3594-30 






3593.86 


3593.44 










Band: 














I. 


Edge: 


3590.52 












2. 


Edge: 


3585.99' 












3. 


Edge: 


3584,10 


3583.38 


3582.01 


3581.76 


3580.39 


3580.07 






3579-26 


3578.93 


3578.62 


3578.28 


3577.23 


3576.88 






3576.48 


3575.73 


3575.13 


3574.50 


3573.87 


3572.60 






3571.93 


3571.27 


3570.59 


3569.96 


3569.89 


3569.17 






3568.44 


3567.53 


3567.02 


3566.93 


3566.27 


3564.95 






3563.96 


3561.60 


3561.42 


3560.75 


3557.34 


3556.13 






3554.48 


3553-72 


3552.86 


3549.11 


3548.67 


3548.36 






3545.92 


3545.11 


3540.53 


3540.10 


3537.66 


3534.75 






3530.35 


3528.75 


3527.74 


3524.70 


3524.51 


3523.51 






3520.01 


3517.16 


3512.79 


3511.65 


3510.38 


3509.4s 






3506.65 


3503.83 


3501.67 


3497.21 







CERIUM. 

The spark-spectrum of cerium is obtained by the use of 
the chloride. In the arc-spectrum Lockyer * has observed 32 
additional lines between A. = 3900 and 4012. 

Spark-spectrum: 

5512.2 5409.7 5393.7 5858.1 5274.2 4714 5 4629.0 4573.4 
4562.9 4561.4 4540.4 4528.4 4527.4 4523.9 4460.3 4428.8 
4392.2 4386.2 4382.7 4296.6 4289.6 

CHLORINE. 

The line-spectrum is obtained by the passage of an elec- 
tric discharge through a vacuum-tube, or through chlorine 
under the ordinary pressure, and also by short sparks between 
platinum electrodes immersed in hydrochloric acid. Hassel- 



« P. R. S. 27. 280. P. T. 18S1. 3. See also Thal^n, N. A. S. U. [3] 6. 
Kirchhoff, A. B. A. 1861. Bunsen, P. A. 166, 366. 
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berg' observed that the chlorine-spectrum is produced by- 
passing powerful sparks through glass tubes containing 
chlorine compounds under low pressure. The spectrum 
obtained with a powerful continuous current differs from that 
produced when a condenser is introduced into the circuit.* 

There are no recent measurements of the absorption- 
spectrum of chlorine. 

Spark-spectrum : 

5457.8 5444.7 5425.0 5393.4 (5220.8 52172) 5103.2 50990 
5078.4 4918. 1 (4905.4 4897.8) 4820.8 4810.7 4794.9 

Absorption-spectrum:" Numerous absorption-bands in the 
green and blue, total extinction in the violet. 

CHROMIUM. 

The arc-spectrum of chromium between D and A. = 3430 
has been accurately measured by Hasselberg.* Huggins*and 
Thal^n * had previously investigated lines of the spark-spec- 
trum in the visible region, Lockyer' observed some additional 
lines between A. = 4000 and 3900, and Liveing and Dewar' 
worked on the ultra-violet portion of the arc-spectrum. Solu- 
tions of chromium compounds produce characteristic absorp- 

> Bull. Acad. St. P6iersb. 28, 405. See also Van der Willigen, P. A. 
106, 624. Dittc, C. r. 73, 622. Plticker, P. A. 107. 528. PlUcker and 
Hittorf, P. T. 166, i. Angstrom. C. r. 73, 369. Thal6n. K. Svcnska Ve- 
tensk. Akad. Handl. 12, No. 4, p. 8. Salet, A. c. p. [4] 28, 24. Ciamician, 
Wien. Ber. 78, 872. 

* Trowbridge and Richards, Amer. Jour. Sci. (1897) [4] 3, 117. P. M. 
43, 135. 

» Morren. P. A. (1869) 137, 165. Sillim. Journ. [2] 47, 417. 
< Svensk. Vetensk. Akad. Handl. (1894) 28, N. 5. 
» P. T. (1864) 164. 139. 

• N. A. S. U. [3] 6. 
' P. T. 1881. 

« P. R. S. (1881) 32, 402. See also H. W. Vogel, Monatsber. Berl. Akad. 
1878, p. 413. Ber. 8, 1533. Kirchhoflf, A. B. A. 1861. AngstrOm, Recher- 
ches sur le spectre solaire. 1868. Lecoq de Doisbaudran, Spectres lumi- 
neux (Paris, 1874). 
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tion-spectra * that have been frequently studied; the more 
important are shown in Fig. 41, Chapter VIII. The spectro- 
scopic determination of potassium chromate, potassium 
bichromate, and chrome alum is described in G. and H. Kruss*^ 
work on Colorimetry and Quantitative Spectrum Analysis. 
Arc-spectrum : 

5791.20 5788.15 5785.21 5784.09 5698.55 5409.99 5400.82 

5348.50 5345-q8 5329.30 5328.50 5300.90 5298.43 5298.14 

5297-52 5296.86 5276.20 5275.85 5275.31 5265.88 5264.32 

5255.27 5247.68 5225.08 6208.68 6206.20 6204.67 5196.60 

4954.92 4942.63 4936.51 4922.40 4*^87.15 4870.96 4862.00 

4829.50 4801.17 4792.61 4789.45 4756.30 4737.50 4730.88 

4718.57 4708.16 4698.77 4698.60 4689.54 4666.67 4664.94 

4663.98 4663.47 4652.31 4651.44 4646.33 4926.31 4622.60 

4622.07 4616.28 4613.54 4600.92 4595.78 4591.56 4580.22 

4571.85 4569.76 4565.71 4546.15 4544.77 4540.90 4540.70 

4539.96 4535.95 4530.92 4527.53 4526.65 4512.05 4497.02 

4385.11 4374.34 4373.41 4371.44 4359.78 4351.91 4351.2a 

4344.66 4339 85 4339.60 4289.87 4274.91 4263.28 4254.49 

4163.76 4153.96 4126.67 4067.05 3991.26 3984.02 3976.81 

3971.39 396Q.89 396382 3928.79 3921.20 3919.31 39^6.38 

3915.96 3908.87 3903.02 3894.20 3886.94 3885.35 3883.41 

3857.74 3854.36 3850.13 3841.42 3830.17 3804.91 3797.85 

3749.13 374401 3743.67 3656.36 3649.12 3641.95 3639.93 
3605.46 8593.67 8678.81 3550-73 3465.40 

COBALT. 

The line-spectrum of cobalt, in the visible field, has been 
frequently investigated by the earlier workers. Kirchhoff,* 
Huggins,* Thal^n,* Lecoq de Boisbaudran.* and Schuster 
examined the spark-spectrum, and Angstrom* and Thal^n 



* Brewster, P. A. (1836) 37, 315. Erhard, Inaug.-Diss. (Leipzig, 1875). 
MUller, P. A. (1847) 72, 67. H. W. Vogel, Ber. (1S75) 8, 1533. Monatsber. 
Berl. Akad. 1878, p. 413. Sioney and Reynolds, B. A. R. 1878. Sabatier, 
C. R. (1S86) 103, 49. Lapraik, J. pr. Chem. 1893 [2] 47, 305. Etard. C. r. 
(1895) 120, 1057. 

« A. B. A. 1861. 
« P. T. 1S64. 139. 

* N. A. S. U. [3] 6. From A 3998.0 - A 2244.8. 

* Spectres lumineux (Paris, 1874). 

* Recherches sur le spectre solaire, 1868. 
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that of the arc; Lockyer ^ and Coriiu * have also investigated 
portions of the spectrum. Hasselberg * has recently measured 
the lines of the arc*spectrum between D and X ^ 345<^* ^rid 
Liveing and Dewar/ those of the arc and spark spectra in the 
ultra-violet region. The lines of the two spectra clifTer not 
only in number, but also in intensity. The absorption-specEra 
of cobalt glass, and of solutions of cobalt compounds are very 
characteristic; they have been examined by H. \V- Vogel/ 
Russell," Russell and Orsman,' and by C. H- Wolff/ and arc 
shown in Fig. 41, Chapter VllL The following test is stated 
by Wolff to be one of the most delicate known in chemistry: 
Ammonium thiocyanace is mixed with cobalt chloride solu- 
tion» and shaken with amyl alcohol and ether; this dissolves 
the cobalt thiocyanate, and the solution gives a characteristic 
absorption-spectrum* The method was used for the spectro- 
coiorimetric determination of cobalt when present in small 
quantity. The absorption-spectrum of cobalt chloride in 
hydrochloric acid solution is stated by W, j. Russell to be 
particularly sharp, but if the acid is concentrated the broad 
bands usually observed are resolved into smaller ones, almost 
coincident with those produced by ferric chloride under the 
same conditions. He believes that the solvent causes a dis- 
sociation of the dissolved substance* 
Arc and spark spectra; 

6i43*S* 5531*06 SSaS-S? 5S«3'S& 54*9*90 5434-33 

5483-57 5477*' J 5454' 79 5444-81 S407»75 53S1.99 S3^>9-7$ 

» R i89r. Pan 3. 

' Spectre normal Am so!eil (Paris, 1S81). 

•Svenska, Vetcnsk. Akad. Ffirhandl. (1^96)23, No. 6, From D — A 3450. 
Astrophys. Joun (1S96) 3, 4, 343; (1897I 6, 3S, 

* R T. (iSSS) l'?9. 251. From I 3450-2344- 

* Ber. 11, 916* Monatsber- Berl. Akad. 1S73, 415* 

* R R. S. 31, 51. Ber. 14, 503. 

' J. Ch«m. Soc. iSSQp 14- Ber, 24, 619. ^ 

* Zcitschr, AnaK Chem. IS, 38. See also Etard, r. (1895) 120, 1057. 



* Visible only in the spark-ipeciruRi. 
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5362.97 
5331-65 
5268.72 
5212.87 
5125.88 
4972.16 
4843-61 
4781.62 
4754.59 
4693- 37 
4623.15 
456^.74 

4514.33 
4467.04 

4375.09 
4252.47 
4110.69 

4058.75 
3998.04 
3958.06 
3917-26 
3876.99 
3816.58 
3733.62 
3684.62 
3641.95 
3611.89 
3575.06 
(3553.12 

3529.17 
3513.62 
3496.83 

3474.15 
(8484.0 

339^>.5 
32S4.9 
30S6.7 
2986.9 

2541.9 
2524.6 

2464. 1 

2397-;^ 
2307 



5359-41 
5325.44 
5266.71 
5176.27 
5123.01 

4966.77 
4840.42 
4780.14 
4749.80 
4682 68 
4597.02 
4649.80 
4494-92 
4445.88 

4373.77 

4234-18 

4086.47 

4058.36 

3996.46 

3953.05 

3910.08 

3874.10 

3816.46 

3732.52 

36^3. 18 

3639.63 

3605.50 

3569.43 

3552.85) 

3526.96 

3512.73 

3495.82 

3471.52 

8438.6) 

3389.3 
3158.6 

30'? 2. 5 
2954.5'' 

2540.6 
2521. I 
2436.9 
238S.8 
2293.4 



5353.69 
5316.96 
5266.51 
5156.53 
5113.41 
4928.48 
(4814.16 
4778.42 
4737.95 
4668.58 

4594.75 
4546.14 
4484.07 
4421.48 
4371.27 
4i(;o.87 
4082.76 
4053.08 
3979.65 
3945.47 
3906.42 
8878.26 

3755.59 

3730.61 

3676.69 

3634.86 

3595.00 

3565.08 

3550.72 

3523.85 

3510.53 

3491.46 

3466.0 

3432.0 

3388. 8 

3154.6 

3072.4 

2942.9 

2533.8* 

2619.7* 

2432.4 

2373.5 
2286. I 



5352.22 
5312.84 
5257.81 
5154.26 
5109.08 
4904.37 
4813.^7) 
4776.49 
4735.04 
4657.56 
4681.76 

4543.99 
4483.70 
4417.55 
4339.76 
4162.33 

4077.55 
4046.68 

3978.80 
3941.87 
3895.12 
3S61.29 
3750.06 
3708.96 
3652.68 
3633.00 
8687.80 
3563.04 
3548.60 

3523.57 
3 509. 98 
3490.89 
3462.9 
(3413.7 
3381.7 
3147.0 
3061.9 
2S24.9 
2532.1 
2510.9 
2420.7 
2363.7 
2266.6* 



5343.58 
5301.24 
5248.12 
5146.96 
5095.18 
4899.72 
4796.00 
4771.27 
4728.14 
4644.48 
4580.32 
4684.18 

4478.45 

4392.02 

4331.38 

4158.58 

4076.28 

4035.73 

3974 87 

39JI.OI 

8894.21 

3851.09 

3745.61 

3702.40 

3649.47 

3631.55 

3585.28 

3562.22 

3543.40 

3521.70 

3506.44 

3489.54 

3453.6 

3413.4 

336S.3 

3139.9 

304<j.o 

2648.8 

2530.0 

2506.2 

2417.6 

2353.4 
2260. I* 



6848.86 

5280.85 
5235.37 
5133.65 
4988.15 
4882.90 
4798.08 
4768.26 
4718.67 
4629.47 
4570.18 
4681.14 
4471.70 
4391.70 
4303.36 
4121.47 
4068.72 
4027.21 
3973.29 
3936 12 
3884.76 
8846.96 
3736.05 

3693.65 
3647-82 
3627.96 
3584.92 
3561.01 

3533.49 

3520. 20 

3502.76 

3485.49 

3449.3 

3410.3 

3356.4 

3137.4 

3044.0 

2580.2 

252S.5 

2497.5 

2411.6 

2313.9 
2256.8* 



5341.53 
5276.38 
5230.38 
5126.37 
4980.15 
4868.06 
4785.26 

4767.33 
4698.60 
4625.88 

4566.77 
4517.28 
4469.72 
4380.25 
4285.93 
4118.92 
4066.52 
4021.05 
3969.25 
3922.88 
3882.04 
3S42.20 
3734.30 
3693.27 
3643.34 
3625.13 
3575.48 
3558.90 
8629.92 

3518.49 
3602.41 

3483.55 

3443.7 

3406.0 

3336.1) 

3121.5 

2989.5 
2564.0 
2524.9* 

24(/>.2 
2407.5 
23II.5 
2245.2* 



* Visible only in the spark-speciruni. 
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COPPER. 

The spark- spectrum of copper, in the visible field, has been 
measured by Kirchhoff,' and Thalen,' and» as far as wave- 
length 4275, by Lecoq de Boisbaudran;' in the ultra-violet 
Hartley and Adeney * have measured the portion between 
A = 3999 and 2103, and Trowbridge and Sabine* that 
between X = 2369 and 1944. Liveing and Dewar* have 
photographed the arc-spectrum from k = 2294-2135, whilst, 
more recently, Kayser and Range ' have done the same for the 
region between A = 6000 and 1944; they measured 304 lines, 
and obtained the spectrum by substituting^, for the carbon 
poles, rods of copper 1-2 sq. cm< in section. 

Scarcely any of the copper lines are sharply defined even 
on one side, so that the spectrum has a peculiar appearance. 
In the Bunsen fiame cupric chloride produces a band-spectrum 
extending over the whole field, with the exception of the 
violet; the same spectrum is obtained with the metal if the 
flame contains hydrogen chloride. The absorption -spectra of 
copper salts are not characteristic, as the compounds produce 
total extinction both in the red and the violet. Ewan * found 
that, in aqueous solution, the spectra of the chloride, sul- 
phate, and nitrate change with progressive dilution tending to 
become identical: this observation is in agreement with the 
theory of electrolytic disi^ociation. C, H. Wolff' has sug- 
gested a spectro-colorimetric method for the determination of 



1 A. B. A. i86r. 

' A. 5. U. (1868)6. 

' Spectres lumincux (PartSp 1874), 

* P. T. IIS81) 17&. 63. 

* Ptqc. Amer. Academy, iSSS. P. M* [5] 26, 343, 

* R (1879) 24, 4012. P. T. (1&S3) 174, 205. 
' A. B. A. iSga. 

P. M. p. 317. Ber 26. 4f?5c* R R. S. (iSgs) 57, 

* Zeitschn anaL Chem. 18, 38* 
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copper in small quantity, and P. Sabatier * has studied the 
absorption-spectra of solutions of cupric bromide. 
Arc and spark spectra: 



5782.30 


5700.39 


5292.75 


5220.25 


6218.46 


5153-33 


5105.75 


4704.77 


4674.98 


4651.31 


4687.19 


453998 


4531.04 


4507.62 


4480.59 


4415.79 


4378.40 


4275.32 


4259.63 


4062.94 


4022.83 


3602. 1 1 


3599- 20 


3512.19 


3450.47 


3308.10 


3290.62 


8274.06 


3247.66 


3126.22 


3108.64 


3063.50 


3036. 1 7 


2961.25 


2766.50 


2618.46 


2492.22 


2441.72 


2406.82 


2392.71 


2370.5* 


2369.97 


2303.18 


2293.92 


2263.20 


2230. 16 


2227. 85 


2225.77 


2214.68 


2199.77 


2178.97 


2165.20 


2104.88 


2025.14 


1943.88 








CUPRIC CHLORIDE.' 






Flame-spectrum: 










6619 b 6268 b' 6151b' 6051b' 5564 b 6607 


5440 


6886 


5306 b 5270 b 5240 


5088 b' 5050 b' 4984 b' 4946 b 


' 4883 b'' 


4848 b' 4793 b' 4580 b' 4523 b' 4497 b' 4437 b' 4413 b 


" 4354 b» 



4332 b' 4282 b' 4261 b' 

DIDYMIUM.' 

The metals of the rare earths have been frequently inves* 
tigated during the past few years, and new substances have 
been discovered in bodies which were formerly believed to be 
elementary. In 1885 didymium was resolved into neodymium 
and praseodymium, and samarium, which was discovered in 
1879, also shown to be present. Other members of the 
cerium and yttrium groups have likewise been decomposed 
into its elements. At present the chemical properties of these 

» C. r. 118. 1042, 1144. Ber. 27, 489, 490. See also Glan. W. A. (1878) 
3, 65. Krtiss. Colorimetrie (Hamburg, 1891). 

^ Lecoq de Boisbaudran, Spectres lumineux (Paris, 1874). Diacon, A. c. 
p. (1865) [4] 6, 5. A. Mitscherlich, P. A. 116, 499; (1863) 121, 459. 

• Thal6n, Om Spectra tillhfiranda Yttrium, Erbium, Didym och Lan- 
Ihan (Stockholm, 1878). Ofersijrt K. Vetenskaps Akad. FOrhandl. (1883) 40. 
No. 7. Gladstone, J. Chem. Soc. 10, 219. Bunsen, P. A. 155, 366. Kirch- 
hoff, A. B. A. 1861. Delafontaine, P. A. 124, 635. Lockyer, P. T. 1881. 



* Visible only in the spark-spectrum. (Hartley and Adeney.) 
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substances have not been sufficiently studied to render their 
recognition as elements absolutely free from doubt. Kriiss 
and Nilson, as the result of their investigation of the absorp- 
tion-spectra, consider that didymium, erbium, holmium, 
samarium, and thulium are composed of more than twenty 
elements; their conclusion is based on the assumption that 
each element has a characteristic maximum of absorption, but 
Schottlander's extensive investigations show that this is falla- 
cious. Bailey has also raised objections to Kriiss and Nil- 
son's conclusions. At present the results of the spectroscopic 
work on the rare earths is so uncertain, that the data given in 
this book usually refer to the ** old elements. Bahr and 
Bunsen found that didymium oxide, like erbium oxide, when 
heated in the Bunsen flame gives a continuous spectrum, and 
also characteristic bright lines which are almost coincident 
with the absorption-lines exhibited by solutions of the salts, 
or by glass which contains the metal ; this is no exception to 
the rule that solids only yield continuous spectra, for Huggins 
and Reynolds showed that the earths are volatile in the oxy- 
hydrogen flame. Comparison of the absorption-spectra of 
didymium chloride, sulphate, and acetate led Bunsen to the 
conclusion that the bands tend to approach the red as the 
molecular weight increases. The absorption-spectra of the 
rare earths in the ultraviolet has been investigated by Soret. 
Spark-spectrum : 

5486.0* 5372.0 5361.5 5319.9 5293-5 5273.5 5249.5 
5192.5 5191.5 5130^3 4924.5 4463.2 4452.3 4446.7 
4328.1 4303.6 4109.8 4060.7 



Due possibly to samarium. 
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DIDYMIUM CHLORIDE. 
Absorption-spectrum :* 

b (7431-7* 7361.7* 7308.7*) 6895.6* 6793.3* 
5886t 5824* 57«9» 674«» 5720) 

5206) (5125.8* 5o88») 4S23t 4759 
4441-7 

•'OLD*' DIDYMIUM NITRATE. 
Absorption-spectrum: positions of minimum of brightness: 

7291 6906 6794 6407 6235 6189 6797 6769 5317 
5253 5217 5147 5126 4826 4771 4695 4633 4448 
4341 4289.6- 4173-6 

PRASEODYMIUM NITRATE. 
7291 6794 5916 6797 6769 5317 6217 5125 4826 4695 4448 

ERBIUM.' 

The remarks on didymium apply also to this element. 
Spark-spectrum : 

5827 5763 5344-4 5257 5218 5189 4952 

4899.9 4872.4 4820 4674-9 4606.3 4501.3 



* Lecoq dc Boisbaudran, Spectres lumineux (Paris, 1874). C. r. (1887) 
106, 276. Bunsen, P. A. 165, 366. Ann. Chem. Pharm. 128, 100; 131, 
255. Muggins and Reynolds, P. R. S. 18, 546. Lippich, Sillim. Journ. 
(1873) [3] 13. 304. Auer v. Welsbach, Silzungsber. Wien. Akad. (1885) 92. 
Crookes, C. N. 54. 27. Schuster and Bailey. B. A. R. 1883. H. Becquerel, 
C. r. 104, 777, 1691: 106, 106. Haitinger, Monatsch. f. Chem. (1891) 12, 
362. Soret. C. r. 86, 1062; 88, 422; 91, 378. KrUss and Nilson, Ber. 20, 
2143. Bailey, Ber. (1887) 20, 2769, 3325. Schottlander, Ber. (1892) 26, 
569. 

* Thal6n, Om Spectra Yttrium, Erbium, Didym och Lanthan (Stock- 
holm, 1874). Ofversigt K. Vetensk. Akad. Fdrhandl. (1881) 40. Bunsen 
and Bahr. Ann. Chem. Pharm. 137, i. Huggins, P. R. S. 1870. Bunsen, 
P. A. 155. 366. 



Mb(5963t 
[/5]b(53i3» 
4692! 



* Ncodymium. 
f Praseodymium. 
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ERBIUM CHLORIDE.' 
Absorption-spectrum : 

6839 6671 6535 6405 5410 
5364 M5232 4922 4875 4516 

FLUORINE. 

There are no accurate measurements of the spectrum of 
fluorine. By the passage of induction-sparks through silicon 
fluoride Salet' obtained a beautiful blue band-spectrum of 
the compound ; the incission of a Leyden jar produced the 
spark-spectrum of fluorine. Commencing at Salet's last lines 
Liveing * measured the flame-spectrum. 

Spark-spectrum : 

6922* 6862* 6782» 6401 6231 

Flame-spectrum: 

6231 6091 6011 5571 5321 

GALLIUM. 

Lecoq de Boisbaudran,* who discovered this element, 
measured its spark-spectrum, and Liveing and Devvar * that of 
the arc. 

Spark and arc spectra: 

4171 4031 

GERMANIUM. 

The spark-spectrum of germanium has been investigated 
by Kobb,* and by Lecoq de Boisbaudran,^ who calculated its 

* Lecoq de Boisbaudran, Spectres lumineux (Paris, 1874). Bunsen, P. 
A. 155, 366. Bunsen and Bahr, Ann. Chem. Pharm. 137, i. 

« A. c. p. (1873) 28. 34. 

' Proc. Cambridge Phil. Soc. 3, Pt. 3. Sec also Mitscherlich, P. A. 121, 
476. Seguin, C. r. (1862) 54, 933. 

* C. r. 82, 168. 

* P. R. S. 28. 482. 

« W. i^. (18S6) 29, 670. 

' C. r. (1886) 102, 1291. Ber. 19, 479. 

* Only approximate. 
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atomic weight from his measurements. Rowland and Tatnall * 
have recently photographed the arc-spectrum between A = 
2300-4600. 

Arc and spark spectra: 

6337 6021 6898 5256.5 5229.5 5210 5178.5 5135 
5131 4814 4743 4685.3 4291-6 4261 4226 4179 

3269.628* 3124.945* 8089.198* 2754.698* 2740.535* 2709.734* 
2691.446* (2651.709* 2651.219t) 2592.636* 2417.450* 

GOLD. 

Liveing and Dewar ' measured three lines in the ultra-violet 
exhibited by the arc-spectrum, and these were the only ones 
known when Kayser and Runge ' commenced their investiga- 
tion of the region between wave-length 6600 and 2280. They 
usually employed fine gold, but occasionally auric chloride 
and carbon poles. The visible portion of the spark-spectrum 
has been measured by Kirchhoflf,* Huggins,* Thal^n/ and G. 
Kriiss,' who ascribes the line 5230.47 to platinum, and not 
to gold. 

Arc and spark spectra : 

6278.37 5957.24 5837.64 5656.00 5230.47 5064.75 4792.79 
4488.46 4065.22 3122.88 3033-38 3029.32 2932.33 2905.98 
2676.06 2428.06 

HELIUM. 

The yellow Z>,-line of the solar spectrum was ascribed, 
until recently, to a hypothetical element, termed by Frank- 

» Astrophys. Jour. (1895) 1, 149. 
» P. T. (1882) 174. 2219. 
« A. B. A. 1892. 

* Ibid. 1 86 1. 

* P. T. 1864, p. 139. 

* N. A. S. U. b] 6. 

' Lieb. Ann. (1887) 238, 30. See also Lecoq dc Boisbaudran, Spectres 
lumineux ( Paris, 1874). 



* Arc-specirum. 

t Possibly a single reversed line. 
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land helium; this was isolated by Ramsay ' in 1S95 from 
cl^veite, in which it occurs together with argon; he also 
obtained it from certain meteorites from Augusta Co*, 
Virginia, Cl^ve * showed that it is present, unaccompanied 
by argon, in cleveite from Carlshuus in Norway, and he 
observed the presence in its spectrum of five lines in addition 
to i?,. Deslandres,* using a very high dispersion, measured 
the following lines: 

667a 5048.4 sorao 4922.2 4713-35 4471.75 

4437 9 438^,4 4M3'9 4I2<»*9 4036*2 3964*0 3S$8.75 
3819,7 3705.4 36i3*S W7*7 3187*9 2945-7 

Runge and Paschen,* in the course of an investigation of 
the gases from cl^Jveite, showed that the line at 5876,0 is a 
double one, and, as the solar helium line had always been 
regarded as single, doubt was cast on the identity of solar 
and terrestrial helium. This point was speedily settled by 
Huggins and Hale,* who showed that the solar D^-line is also 
double. Kayser' found that a Geissler tube containing what 
he supposed to be the purest atmospheric argon also showed 
the Z?,-line, thus affording proof that helium is present in the 
atmosphere. Lockyer' states that many of the helium lines 
coincide with some of hitherto unknown origin in the spectra 
of the chromosphere, and of the white stars of Orion, Under 
the influence of the silent discharge helium combines with 
mercury and benzene or carbon bisulphide to form a com- 
pound resembling that of argon, but it does not combine with 
mercury alone, 

« C. r, 120, 660, 1049, Ber. 3B« 31S. 44S, N, Sa, 224. Ramsay, Collie, 
and Travers, Jour* Chem. Socy. (1S95) 67, 64$, 
' C, r. 120, B34- Ber. 28, 373, 
*C, n (1895) 120, 1 1 10, 1331* 

* W. A. BeibL 19. 634. 

* C, N. 72, 26. 

* md, 72, gq. 

' 120, T103- P. R. S. 68, 67^ Seer also Brauner, C, N, 71, 27r, 
Palmien, Acad, di NapoU Rcfidic. (1SS2) 20. 233. 
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Berthelot ' and Runge and Paschen " have observed that 
the spectrum of cl^veite gas consists of six series, two pairs 
of which are characterized as subseries, whilst two series are 
principal series. Two spectra are thus differentiated which 
are ascribed to two constituents of the gas, and which bear a 
striking similarity to the spectra of the alkalies. Rydberg* 
has confirmed these conclusions, and termed the second con- 
stituent parhelium. Some confirmation was also afforded to 
this view by Ramsay and Collie's researches, which resulted 
in the separation of helium into a lighter and a heavier por- 
tion; but Ames and Humphreys* were unable to detect any 
difference in their spectra, although they used a spectroscope 
of high dispersive power. When further separated the heavier 
portion was found to consist chiefly of argon. 

HYDROGEN. 

Two spectra, termed the elementary and compound line- 
spectra, are exhibited by hydrogen in a Geissler tube; their 
production depends on the conditions of temperature and 
pressure. The former has been measured by Angstrom,* 
H. W. Vogel,' Lockyer,' Huggins,* Cornu and Ames;* the 
latter was first investigated by Plucker and Hittorf,*" but was 
ascribed to acetylene by Angstrom, Berthelot and Richard," 
and Salet." The incorrectness of this view was proved by 

> C. r. (1897) 124, 113. 

» Sitzber. Berl. Akad. (189s) 639, 759. W. A. Beibl. (1895) 19, 884, 885. 
Astrophys. Jour. (1896) 3. 4. 

» W. A. (1896) 58. 674. Astrophys. Jour. (1896) 4. 91. 

♦Astrophys. Jour. (1897) 5. 97. 

» P. A. (1864) 91, 141: 123. 489: (1872) 144. 300. 

• Berl. Monatsber. (1879) 586; (1880) 190. Ber. {1880) 13, 274. 
^ P. R. S. 28. 157 : 30. 31. 

• P. T. 171. 6f)q. 

• P. M. (i8qo^ [5] 30. 33. 

P. T. (1865) 155. 21. PlUckcr, P. A. 107. 407. 
" C. R. 68. 810. 1035. 1107, 1546. 
" A. c. p. [4] 28, 17. 
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Hasselberg's ' exact measurements. In the spectriiin of 
C Fuppis Pickering* found ♦ in addition to dark hydrogen 
lines and AT, two broad lines at \ = 4633 and A = 46S8, and 
a peculiar series of dark lines whose wav e lengths arc rhythmi- 
cally related. These were A = 4544, 4201, 4027, 3925, 3859, 
3816, 3783* It was first thought that they represented some 
new element not yet found on the earth or in the stars* but 
they are very probably due to hydrogen, produced under 
conditions of luminosity hitherto unknown. By applying 
Balmer's formula, Pickering found that the new lines form a 
harmonic series. This conclusion was confirmed by Kayser,* 
who pointed out that hydrogen had been the only element, 
having harmonically related lines, which had possessed only 
a single series of such lines. Kayser and Range had pre- 
viously found that two of the series of lines of an element end 
at nearly the same place. On examining the oscillation 
frequencies of the new lines, Kayser concluded tliat they have 
this character! slic, and constitute a new hydrogen series If 
these lines can be produced in laboratory experiments, im- 
portant information as to stellar temperatures and pressures is 
likely to be obtained. 

At low temperatures mater vapor gives an absorption- 
spectrum rich in lines which are chiefly confined to the red 
region; these constitute a large number of the terrestrial 
Fraunhofer lines, and are referred to under nitrogen; they 
are strongest when the sun is low in the horizon, as its rays 
have then to traverse a considerable layer of the atmosphere. 
When the latter 15 saturated with moisture, a ** rain -band '* 
is visible with the help of a spectroscope of low dispersive 

' Bull, Acad, St, P^iersb. ^tPSfj) 11. 307; {i^h^S 13, 203. M*in. Acad. 
Si, P^tcrsb, {1882) 30, No. 7; (iBi^j) 31, No. 14. W, A, IS, 4s. See also 
H. C. Vogrl, R A, (iS7aH46, 56g. Wailner* R A. 13&, 497; 131, 537; 
144. 481. W. A. 14. 35S. Scabrokt, P. M, [4] 43, 155. Balmen w/ A. 
(I68s) 25, So. 

* Asirophys. J. (1897) 6. 92, Science (1897) 6, 726, 

' Astraphys. J. (1S97) 6, 95, Science (1897) fi, 736, 
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power: it consists of bands composed of water- vapor lines, 
and situated between the red end and the Z>-line. The 
presence of the rain-band has been used by Piazzi-Smyth/ 
Capron,' Grace and others as a means of prognosticating rain. 

Janssen " investigated the absorption-spectrum of steam 
contained in long tubes under considerable pressure, and 
Schonn * states that pure water exhibits an absorption-band. 
An emission-s|#fetrum consisting of numerous lines in the 
ultra-violet is obtained by burning hydrogen in air, or passing 
it through the electric arc; it has been measured by Huggins, 
and also by Liveing and Dewar,* who distinguished five series 
of lines. The first, between wave-length 3268.2 and 3063.7, 
contains about 116 lines; the second, from 3057 to 2812, 
comprises 180 lines; the third, from 2807 to 2609, contains 
141 lines; the fourth series, from 2606 to 2450, has 88 lines; 
and the fifth series includes 79 lines between wave-length 
2449 and 2268. 

Elementary line-spectrum : 
[C or Ha] 6668.04 [F or H/J] 4861.49 [G or Hr] 4840.66 [h or H«] 4101.86 
[H] 3970.25 [rt] 3889.15 \P\ 3835.6 O] 3798.0 

3770.7 W 3752.05 [C] 3734-15 [7] 3721.8 

[o] 371 1.9 (Ames). 

Compound line-spectrum: 

6135.5 6121.9 6081.0 6070.7 6032.1 6018.5 5975.8 

59389 59318 5888.9 5884.5 5813.0 5084.9 5055.2 

5013.15 4973-3 4934.5 4928.8 4861.49 4719-2 4683.95 

> N. 26, 551. 

» The Observatory. 1882. pp. 42, 71. 
» C. r. 63. 289. 

* P. A. Suppl. Bd. (1878) 9, 670. W. A. 6, 267. See also for tac spec* 
irum of water Huggins, P. R. S. 30, 576. C. r. (1872) 74, 1050. Liveing 
and Dewar. P. R. S. 30, 580; 33, 274. P. T. (i888) 179, 2. Lecoq de 
Boisbaudran. C. r. 74, 1050. Deslandres, A. c. p. (1888) [6] 14, 257. 
C. r. 100, 854. Absorption spectrum, Janssen, C. r. 54. 1280; 66, 538: 60^ 
213. Russell and Lapraik, N. (1880) 22, 368. Sorel and Sarasin, Arch. 
Sc. phys. et nat. (1884) 11. 327. C. r. 98, 624. Ewan. P. R. S. (1895) 6T, 
J 26. 

• P. R. S. 36. 74. 
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4634.15 4461. 1 4412.35 4840 66 4212.65 4205.2 4195*9 

4177.25 4171.35 4101.86 4079.0 4o6g.75 4067.0 4062.6 

3990.15 3970.25 3889.15 3871.8 3863.3 3835.6 3804.9 

3796.8 3684.3 3674.5 (Hasselbcrg, Ames). 

INDIUM. 

This element was discovered in 1864 by Reich and 
Richter' by means of its flame-spectrum, which consists of 
an indigo-blue and a violet line. The visible portion of the 
spark-spectrum has been measured by Clayden and Heycock,' 
and a small part of it also by Thalen,* whilst Hartley and 
Adeney * investigated the ultra-violet region. The arc-spec- 
trum has been examined by Liveing and Dewar;* it contains 
only the two lines above mentioned, which were accurately 
measured by Kayser and Runge.* Indium furnishes a 
remarkable example of the simplicity of the arc-spectrum as 
compared with that of the spark; the latter contains numerous 
lines both in the visible and ultra-violet regions which are 
absent from the former. 

Flame-spectrum' : 

4511.44 4101.87 

Arc-spectrum : 

4611.44 4101.87 3258.66 8856.17 808946. 

2932.71 2753.97 2714.05 2710.88 2601.84 

2560.25 2521.45 2460.14 2389.64 2340.30 

Spark-spectrum : 

6907.6 6198.9 6096.0 5821.0 5645.0 6251.0 4680.9 

4656.9 4638.8 4532.8 4611.44 4253.7 4101.87 4072.3 
4064.2 4033.4 3853.5 3835.3 3258.66 8266.17 8089.46 
2932.71 2890.2 2710.38 2560.25 2527.5 2521.45 2460.14 
23S9.64 2351.7 2306.8 



> J. pr. Chem. 89. 441. 

» P. M. (1876) 6. 387. 

» N. A. S. U. (1868) [3] 6. 

* P. T. (1883) 176. 63. 

» P. R. S. (1879) 28, 367. 

• A. B. A. 1892. 

^ Lecoq de Boisbaudran, Spectres lumineuz (Paris, 1874). MQller, P. A. 
124, 637. 
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IODINE, 

The more important investigations of the line-spectrum of 
iodine are those of Pliicker and Hittorf/ and of Saiet;' tiic 
latter passed sparks from Leyden jars, or a Holtz machine, 
through a Geissler tube containing iodine: the tube was iiut 
closed until the iodine vaporized. There are no new deter- 
minations. The spectrum obtained with a condenser in the 
circuit differs from that produced by the continuous dis- 
charge/ The violet iodine vapors produce an absorption* 
spectrum extending over tlie red and green, but not over the 
blue and violet regions; it consists of numerous slt:nder lines 
grouped into bands, and has been accurately measured by 
Hasselberg/ H, W* Vogel * has examined the absorption- 
spectra of various solutions of iodine, whilst Gernez* has 
studied those of iodine chloride and iodine bromide. The 
rule that the coefficient of extinction of solutions of a colored 
substance changes with the concentration, is found by 
E* Thiele' not to apply to iodine; he investigated the 
absorption^spectrum of solutions of varying strength in the 
same solvent. Previous exceptions to this rule had all been 
electrolytes, and their abnormal behavior had been thought 
to be due to electrolytic dissociation, but iodine is a non- 
electrolyte, 

I R T. 165, 24. 

' Spcctroscopte (Paris, 1888). C. 74, 1249; 75, 76, A, c. p. [4] 36, 29. 
Sec also Plttcker, P. A. (1859! 107, 638. Ciamician. Wien. Ber. (2) 78, 
877. WmtTJcr, P. A. 120. 158. Mitscheflich, P. A, 131, 474- 

* Trowbridge and Richards, Amcr* Jour. Sci, O^Q?) [4] 3. 117. P* M, 
43. 135^ 

^ M^m. de I' Acad. Sc. P^tcrsb. (iSSB) [7] 36. Sec also Danietl and 
Miller, P, A* 2S, 386. Morghen, BciblSttef, 8, 823- ThaJfen, Le spectre 
d'Absorptlon dc la vapeur d'lodc (Upsal, 1869). 

* Ben 11, 9ig. Monatsber. BerL Akad, 1878* p. 417, 

* C. r. 74. 466^ 

* ZeUschr. pbys. Chem. 16, 147. Ber. 28, R 720. 
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Spark-spectrum : 

()258 621 1 6126 6079 6968 (S79I 5774 57^1 6789 6712) 

(5689 5674) 6626 (6496 6462 5534 M04) (6846 6887) 5244 

6168 5016 4866 (4678 4669) 4634 



Absorption-spectrum of iodine vapor: 



Group 6316 — 6272 : 


6316.51 


6298.29 


6297.76 


6294.75 


6294.25 




6291.94 


6291.46 


6289.83 


6272.42 




Group 6272—6234 : 


6253.07 


6252.96 


6237.72 






Gn^up 6234 — 6191 : 


^>233-93 


6229.68 


6212.41 


6210.18 


6191.87 


<iroup 6191 — 6149: 


6ic^.97 


6153.08 


6149.48 






Group 6149 — ^^i' • 


6111.25 










Group 61 1 1 — 6069: 


6108.87 


6069.31 








Group 6069 — 6031 : 


6063.49 


6047.82 


6046.87 


6045.94 


6042.81 




6035.82 


6034.83 


b (6033.40 


6033.05) 


b (6031.92 




6031.58) 










Group 6031 — 5992 : 


6030.99 


6024.38 


^K)20.38 


6018.37 


6008. 85 




(59<>4.65 


5994.42) 


5993.89 


5993.03 




Ciroup 5992 — 5976 : 












Group 5955—5917 


(5948.83 


5948.62) b (5922. 53 


5922.04) 


b(592i.77 




5921.24) b(592i.oo 


5920.58) 


5920.00 


5919.75 




5919.36 


5919. I I 


5917.55 






Group 5917 — 5881 : 


5885.00 


5884.74 


5884.10 


5881. 17 




i»roup 500* — 5^4" • 


586f).9i 


5859.85 


5856.49 


15050.51 


50^0.227 




5848.57 


5847.08 


5846.54 


5846. 22 




(iroup 5846— 581 1 : 


5815.40 


58i2.6(> 


5811.65 






Group 5811 — 5778 : 


(5805.86 


5805.63) 


(5798.69 


5798.45) 


(5798.14 




5797.93) 


5793.47 


5778.87 


5778.62 


5778.28 


Group 5778—5746 : 


5746.21 










Group 5746—5715 : 


5745.92 


5720.60 


5715.45 






Group 5715 — 5684 : 


5714.92 


5712.24 


5708.38 


5698.70 


5697.84 




5693.05 


5685.o<> 


5684.54 






Group 5684—5655 : 


5683.08 


5678.59 


5676.82 


5658.98 




Group 5655—5626 : 


5654.71 


5649.61 


5647.68 


5646.72 


b (5646. 14 




5645.50) 


5640.90 


5640.00 


5639.15 


b (5638.64 




5638.23) 


5637.36 


(5628.90 


5628. 3^) 


5627.97 




5627.19 


5626.50 








Group 5626—5599 : 


(5620.59 


5620.33) 


5616.50 


5614.53 


5602.98 




5601.81 


5699.14 








(iroup 55')9 -5587- 


5588.98 


5587.56 








Group 5587—5560: 


5585.10 


(5577.63 


5577.42) 


5574.11 


5572.71 




5561.58 


5560.44 


5560.25 


5559.57 




(iroup 5560—5533 : 


5557.17 


5553.61 


5549 40 


b (5547.92 


5546.96 




5546.07) 


5545.57 


5542.37 


5540.91 


5533.37 
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Group 


5533— 5507:b(553i.75 


5531- 10) 


5527.58 


5526.38 


b (5522.25 






5521.79) 


5521.34 


5520.33 






Group 


5507—5482 


5505.19 


5504.95 


5500.43 


5498.32 


5497.81 






(5497.51 


5497.15) 


5496.36 


5490 37 


5489.67 






5488.95 


5(5483.00 


5482.11) 






Group 


5482—5457 : 


5473-55 


b(5473.'2 


5472.67) 


5468.38 


5466. 76 






(5457 90 


5457.08) 








Group 


5457—5434 


5438.43 


543403 








Group 


5434— 541 1 


5430.71 


5425.76 


5419.78 


5413.85 


5416.99 






5414.28 


5412 31 


541 1.66 






Group 


541 1— 5389: 


b 5410.75 


5404.96 


5404.04 


b (5393.91 


5393-44) 






5390.85 


b(5390.2i 


6889.01) 






Group 


5389—5367 : 


5381.90 


5380.93 


5378.05 


5377.32 


5375.20 






5374.38 


5369.74 


53^)9.20 


5368.51 


5368.01 


Group 


5367—5347 : 


5364.76 


5358.81 


5357.91 


5356.63 


5355.89 






5353.28 


5350.56 


5349.87 


5348.06 


5347.35 


Group 


5347—5327 : 


5346.24 


5343.12 


5341.43 


5340.14 


5333.73 






5333.10 


5330.97 


5329.32 






Group 


5327—5308 












Group 


5308—5291 : 












Group 


5291—5273 : 


5290.72 










Group 


5273—5255 : 


5272.75 










Group 


5255—5240 












Group 


5240 — 5224 : 


5224.10 










Group 


5224—5209 


5215.83 


5209.46 








Group 


5209-5195 . 


5195.22 










Group 


5195— 5182 : 












Group 


5182— 5168 : 


5181.96 


5168.65 








Group 


5168 — 5156 : 


5161.45 


5156.16 








Group 


5156— 5145 : 


5144.71 











IRIDIUM. 

There are no accurate measurements of the spectrum of 
this element. Kirchhoff' observed three faint lines of. it*-/, 
6348.1, 5450.6, and 5300 6, and Lockyer* has measured six 
in the arc-spectrum between wave-length 4CXX) and 3900. 
H. W. Vogel * has described the absorption-spectrum of 
ammonium iridio-chloride. 

Arc-spectrum : 

39922 3976.0 3945-8 3934.7 3915.2 3902.5 



> A. B. A. 1861. « P. T. 1881, Pt. 3. 

» Prakt. Spectralanal. (Berlin, 1889). 
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IRON. 

The spectrum of iron is the richest in lines; they are dis- 
tributed over every part of the field, and therefore, like the 
Frauiiliofer lines, arc excellently adapted for purposes of 
orientation in spectroscopic observations, Oniiiting the 
older and less accurate measyrements, the follow ing jnvesti* 
gations are of greatest importance: Thalea ' made a careful 
comparison of the lines in the iron-carbon arc with those of 
the solar spectrum shown in the atlases of Angstrdm^ and of 
Fievez and Vogel, rmd investigated those between jSo^^t and 
400fipi. In the ultra-violet Cornu * photographed the more 
prominent lines between 410/4/1 and 295/1/1, Liveing 
and Dewar* carefully extended this work to the region 
between 295/1/1 230^f^; they also, as did Hartley and 
Adeney,' investigated tlie Hpark-spectrum of iron. Ail these 
measurements were based on Angstrom's erroneous determi- 
nation of the wave-length of the /?-line, so that a reinvestiga- 
tion of the subject was very desirable. Kayser and Runge * 
undertook this task, and usually attained an accuracy of 0.O2 
Angstroms; they measured more than 4500 lines, and on 
comparing them with Rowland's solar atlas between 520///1 
and 320;:f/i, they were unable with certainty to detect a single 
line which does not appear in the solar-spectrum. The 
absrption-spectra of solutions of various compounds of iron 
are not specially characteristic; they have been studied by 

* N. A. S. v. [3] 6. Le spectre tlu fcr. 1884, 
' Spectre normal du soleil ( Pari^. iSBi). 

« P. 1\ 174, aro. R R. S. 32, 40s. 

* P. T. 1S34, 

> A. B. A, tSSS, t8^. Set! aUo H uggins, P. T. (tS64) 154. 13^, Kirch^ 
hoff^ A. B. A. 1861. Angstr/imi Rijchcrchcs sor Ic spectre solaire. t8fi8, 
Mascan, Ann, dc I'^oJe normale (j866|, 4. Seech i. C, (1873) T7, 173* 
Lccoq de Boisbaydran, Spectres lumineux (Parts, 1^74), Lockfer, T» 
164, 47Q. If, W. Vogel, PraliL Spectralanal. (Berlin, i88t>)- 
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H. W» Vogel/ and are referred to in the following chapter. 
Roscoe/ Lielegg/ Marshall Watts,* and others have investi- 
gated the spectrum of the flame observed during the manu- 
facture of steel by the Bessemer process, and more recently it 
has been thoroughly examined by Hartley/ Watts beUeved 
that the green bands are produced by manganese oxide, and 
that their disappearance marks the instant when the iron is 
completely decarbonized, and the blast of air should be 
stopped, Before the application of the spectroscope for 
this purpose it was exceedingly difficult to determine the 
precise moment, since experience was the sole guide and often 
proved untrustworthy* 

Hartley's exact investigations have shown that the 
phenomena of the Bessemer flame is much more camiilcx 
than was previously divined. This is owing to the super- 
position of bands of manganese, carbon, carbonic oxide, and 
possibly also of those of manganese oxide, and of the lines of 
iron, manganese, potassium, sodium^ lithium, and hydrogen. 
The bands of manganese are to some extent obscured by the 
strong continuous spectrum of the carbonic oxide flame, and 
by the bands of carbon. 

The cause of the nonappearance of the lines in the spec- 
trum at the beginning of the blow *' is the comparatively low 
temperature at this period, and the free oxygen, which 
escapes with carbon dioxide, giving a gaseous mixture cnn- 

' Bcr (1S75) 8, 1537. See also MiUler, P. A. (1847) 72. 67, Ewan. P. 

' R M. R s. m% 

* Sitzungsbcr. Wien, Akad. 

* P. M. [4] 34, 437: 3B, 2411. 

* T. (18^4) 1041. P. R. S. (1S95) 69, gS. Journ. Iron and Steel 
Inai. (1895) No. IL See also Kohn, Dingier polyt* J* (1864) 175, 296. Silli- 
man, P. 41, i. Tanner, Dingkr polyi. J* (1865) 178, 465. Bruncier, 
Oester. Zeitschr. ftU Berg-und HUttenwesen (t866), 16. 226. Kuppclwieser, 
Bui, fiSM) 16. 59, V. Licbtenfels, DingL p^ilyt, J. 191, 213. Spear 
Parker, N* 23. 35. Wedding, Zekachr* f. Berg-, HUttcn- und SaHnen" 
wesen ti86g). 37. 117. Grciner. Revue univcrsclie (1874)^ 36, 6ij. 
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taining too small a proportion of carbonic oxide to produce 
luminosity. During the ** boil " the luminosity of the Bame 
is due to the combustion of highly heated carbonic oxide, 
and also to the presence of the vapors of iron and manganese* 
The disappearance of the manganese-spectrum at the end of 
the ** fining *' stage is primariJy caused by the carbonic oxide, 
which escapes from the converter, being reduced in quantity 
owing to tlie diminished supply of carbon in the metal. 
When the Lst traces of carbon are t;onc, so that air Cdn 
escape through th*; metal, the blast instantly oxidizes any 
manganese, cither in the metal or in the atmosphere of the 
converter, and nlso some of the iron. The temperature must 
then fall with great rapidity. 
Arc-spectrum : 



6673.23 


6663.38 


6633.92 


6609.35 


6594. J 1 


9999.14 


6575^17 


6 569. 46 


9549.47 


6518.62 


9495.20 


6431*06 




6430.17 


6411.36 


6408.23 


3400 97 


6393* 8 1 


6j8o,g5 


6337.07 


6335.55 


6322,91 


6319.22 


6302.73 


6301.71 


6297. g<? 


6291 18 


6270.44 


6265.34 


6256.57 


61154,45 


6252.76 


6246.53 


6232.90 


9330.94 


6219.49 




6213^63 


6200.53 


€191.77 


6T&0.42 


6 J 70.69 


6l57-9^ 


6141.93 


6137.91 


9199 86 


6128. n 


6103.45 


6103*40 


6078.71 


9065.71 


6056.21 


6042.31 


6027.27 




6030,35 


600S.7S 


6003.98 


5987.29 


5085.04 




5977.12 


5975 58 


5'>S6,92 


5053 ot 


5934 93 


5930 29 


5916.47 


6914.39 


=^905,94 


SS82 59 


5859.91 




5782.3s 


5775.30 


6763.22 


5753*33 


573 T 9ft 




5709-61 


57OT.77 


5686,66 


15662.75 


5959 08 




5634-77 


5916.81 


5603*17 


5596 99 


5576.32 


5»T3.0T 


5569.85 


5565.83 


5555-03 




5501 6q 


5497.70 


5476-89 


5474.13 


5463.49 


5455 93 


9447.19 




5434^74 


5429.81 


5424 23 


5419.42 


54 1 1 . 2*1 


3405.09 


54<»4-4a 


5400,67 


5397,32 


5393.38 


5399 99 


6371. eT 


5370. 17 


5367-<S7 


516A.0B 


535^' 5^1 


5341.21 


c^jo, f 6 


51tt.O£J 




5339.31 


5324.97 


5307 4 


51103 1^2 


5283.90 


5281.97 


5273*55 


5270 52 


rE,l6999 79 


520^ T3 




5250.81 


524^.65 


5939 19 


523".ot 


5227 39 


&2n.0B 


5216.43 


5208*80 


5202 4B 


5195.09 


5192.53 


5191.99 


5171-78 


5169.07 


5167.57 


5162.45 




5i 5t 


514S.4:; 


5139 65 


5139.44 


5137 56 


5133.70 


5125.30 


5123.3s 


Siio.57 


5107.9a 


5105.73 
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5098.83 


5083.50 


5051.78 


5050.01 


5005.90 


5002.08 


4938.99 


4980.68 


4872.31 


4871.49 


4691.59 


4679.03 


4638. 19 


4637.68 


^603.09 


4598.32 


4638.84 


4525.32 


4469.58 


4466.75 


4443.35 


4442.52 


4416 80 


4408.59 


4388.62 


[d]4888 78 


4887.90 


[f]4886 94 


4299.44 


4894.81 


4268.02 


4860.67 


4239.95 


4239- 03 


4224.32 


4222.39 


4204.12 


4808.18 


4191.68 


4187.97 


4177.71 


4176.67 


4171.04 


4158.94 


4154.09 


4149.49 


4184.88 


413301 


4118.78 


4114.60 


409S.31 


4096.11 


4078.46 


4076.77 


4067.41 


4067.09 


4034.64 


4033- 2 1 


4005.31 


3998.22 


3977.90 


3971.48 


3950.10 


3948.92 


3930.37 


3928.06 


3906.63 


3904.05 


3888.68 


3887.22 


3872.66 


3867.38 


3852.76 


3851.01 


3840.58 


3839.43 


3824.63 


[L]3820.56 


3799.70 


3798.66 


3779- 63 


3767.33 


3748.41 


3746.05 


3735.49 


373501 


3722.69 


3780.05 


3701.24 


3694. 1 7 



5079.91 5079.4a 

5041.91 5015.13 

4982.73 4966.29 
4919.19 4891.68 

4859.94 4789.80 

4668.36 4667.62 
4625.25 4619.46 

4592.82 4556.28 

4494.74 448442 

4461.83 445929 

4433.37 4430.79 

4407.85 4404.94 

4376.10 436994 
4816.88 4309.55 
4285.62 4888.64 
4860.96 4850.80 
4886.14 4888.81 

4219.52 4217-74 

4199.86 4198.47 

4187.88 4185.06 
4175.76 4175.03 

4157.95 4156.93 

4147.79 4144.01 

4188.80 4127.73 
4109.93 4107.65 
4085.43 4085.12 

4074.92 4071.90 
4068.76 4062.60 

4030.89 4022.02 
3997-54 3986.32 
396939 3956.82 

3942.58 3941.03 
3923.05 3920.41 

3903.11 3899.85 
3878.71 3886.42 
3865.70 8860.04 
3850.16 3847.01 

3836.53 3834.42 
3815.98 3813.17 

3797.70 3795.15 
376571 3763.94 

3745.71 3743.51 
3732.^5 [MK3727.77 

3716.59 3709.37 

3687.81 3687.62 



5068.95 5065.15 
5012.21 5006.30 

4957.50 4957.48 
4890.94 4878.41 

4787.00 4707 51 
4664.76 4647.60 
4611.47 4607.85 

4548.01 4531.31 

4482.40 4476.26 
4454.55 4447.90 
4427.49 4422.74 

4401.51 4391.14 
4367.73 4352.90 

[G14808.07 4305.63 

4871 98 4871 86 

4247.65 4245.40 

4887.66 4225.O6 

4216.33 4210.53 
4196.36 4*95 51 
4182.51 4181.91 
4172.86 4172.25 
4155.00 4154.62 
4148.68 4137. II 
4122.64 4121.97 
4104.25 4100.88 
40S4.64 4079.96 
4070.90 4068.12 

4057.96 4046.97 
4014.68 4009.85 
3984.08 3981.91 
3952.76 3951- 30 
3935-97 3933.80 

3917.34 3916.88 
3898.10 3895.80 
3878.17 3873.93 
3859.39 3856.52 

3843.41 3841.24 
3827.07 3826.02 
3806.89 3805.49 
3790.27 3788.03 
3758.38 3749-62 
373^^.48 3737-26 
3727.17) 3724. b5 
3708.07 3704.63 
3686.14 3082.39 
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5669.69 

3<>33 37 

35S4.82 
3553.69 

S47» 5e 

3450.44 
342^30 

S407.A7 

3394,69 

a370.9L 

3340,68 

3307^37 
3391-14 

3*57^73 
3234*11 
3219.70 
3200.58 

3162,06 
3144.10 
3119*63 
5093.39 

3042,79 
3031-7S 
[T](3oaM9 
SOOfl.70 
2999.63 
29 S 4. 96 

2973 3^^ 
2960.11 
395361 
«944 53 

2ga5-47 
29LS,9T 

2899.^2 

237Si-4i 
3858.99 
2S46.90 
2838.23 



3659' 64 
3623. 19 
3606, 87 
[NJ3S3104 
3557^03 
3533-34 
3497-99 
347(^44 
3447-41 
3427 24 
3418.61 
3406.96 
3392^7^ 
33<^)*^ 
3337-77 

[gja23e.87 

3254-51 
3*31-07 
3217-53 
3 1 99. 66 
317^*13 
3160.74 
3142.53 
3116.73 

309396 
30A7.Si 

3042.17 
3031.3s 
3020. 76> 
3008.23 
[t]2994 53 
2983.07 
2973 25 
2957*61 
2950. 38 
2941-46 
3923 96 
2909.60 

2893,55 
28^3-32 
2869. 41 
2853.84 
2845.66 
2835.54 



3651.65 
3621.65 
3605.66 
3S74'04 
3555.08 
3537.94 
3497-37 
3495.97 
3445 26 
3426.7 s 
3417.96 
3404 44 

33:^4-07 
3366.92 
3329.04 
3306.10 
32S0.41 
3351.32 
3227.92 
3316.07 
3197.08 
3175-54 
3153.03 
3134-35 
3102-80 
3091.71 
3055*39 
3041.87 
3030 -28 

3<31<) Of} 

3007.34 

Z9gi.S2 
29S 1 . 99 
2970.22 
2957 4S 
2949-33 
2937-94 
2923.43 
3909.00 

2895. 14 
2881 38 
2Rf>6. 7 1 
2852.22 
2844 08 
2832,53 



3647.95 
3618.89 

3594-75 
3572 <6 
3545-78 
3526.55 
3490,72 
3460.06 
3444.02 
3426.4S 
34*5.65 
3403.37 
3380.21 

3355*33 
3323 88 
3298. 24 
3374.09 
5348.35 
3825.91 

3214-14 
3193*41 
3'7l*4S 
3157-!') 
3133-65 
3lO(X7S 
3083 84 
3053.17 
3040.58 
3026.61 
3017.75 
3003-18 
2990.48 
2981 57 
2939 3d 
2957*42 
394^^-56 
2937 02 
2920, 79 
3907,60 
2894.60 
2880. f!7 
3B63.q5 
2651.89 

2S43-74 
28 23. 90 



3640.57 
3617*98 
3587-M 
3570J3 

3542*34 
3526,29 
3489.78 

3452' 39 
[OJ3441J3 

3425 12 
3413.26 
3401-64 
3379-15 
3348.03 
3314.87 
3392.74 
3271, 11 

3244-31 
3222.16 

3212.12 
3192.89 
3166.59 

3153-35 
3 1 26. 29 

[Sa]3ioo.42 
3075.82 
[s]3047.70 
3037 49 
3025.96 
30^6.29 
3001 04 
29B7-40 
2980. 66 
2967,00 
2954.06 

[UJ2947.99 
3929.13 
29*8.14 
2902.05 
2S92.59 
2^77,40 
286348 
2850.73 
aS40,53 
3825. 7& 



3631*59 
3610.33 

3SS6.24 
3565.53 
3241.20 
3521.40 
3476.65 

3452 t>3 
3440,70 
3424.40 
3410.3a 
3393.43 
337S.73 
3343-39 
3310.57 
3293.17 
3265.72 

3239-54 
3219.91 

3205.49 
3191,61 
3166.01 
3151-42 
312S 78 
3100.06 
3067.35 
3045.20 
3037*41 
3024*15 
301 i.6i 
3000.60 
2985.69 
2976.23 
2965.38 
2953.90 
2947.^1 
2926, 64:^ 

2 *M* ^7 
2901.48 
2887.91 
2874.27 
2S62.59 
a8j8.So 
2840,09 
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2324-4S 

2797.85 
£791-54 

3772.21 
2762.85 

2757^1 
2753.40 
3747-67 
2743*^ 
2735-74 
1172S.95 
3720.99 

37^74 
3691). 2 1 
£€§9.31 

2667. oS 

2644. oB 

2613.94 

2584^63 
2575.86 
2563.56 
3551.22 

2544-05 
2535.70 

2523,79 

25t7.7'J 

2502. 56 
2496.63 

t4Sa.24 

2476.80 
3467.83 

2456. Si 
2442. && 
2435.07 
£413.30 
£399.31 
23S2.12 
3368.69 



2823.37 
3307,08 

2795^<^l 
2789.90 
2778.92 
2769.40 
2763.1 1 
2756.43 
37SO.g3 
2747.08 
3743.20 
2735^64 
272B.J4 
2720.31 
2710. 64 
2697. 1 1 
2680.56 
3666.97 
2656.88 
2641.77 
2023.61 
2611.96 

2594-23 
2582.53 
2574.46 
2502.61 
2549.08 

2m. 89 

2527-33 
2523.22 
251 7' 28 
2508.81 
3501.90 
2496,04 
3484,2a 
2474-91 
246C^B4 
2457.68 
2440. sS 
2431. n 
241 1J9 
2395.72 
23S0.8S 
23fj6.69 



3819.38 
2804.59 
2795.03 
2788.20 
2773.32 
2767.62 
2761. S8 
2755.83 
2750.24 
2746.57 
2T42.48 

2735-54 
2727-<U 

2719.54 

2708.07 

26t)6.-i4 
2079.16 
2666.46 

2656.34 
2635-00 

3621.75 
2607. Id 

2593*73 

2579-95 
2572.85 
2560.68 
2543.79 
2541.06 
3533.40 
2526.33 
2522 92 
2516.23 

250fi.02 
2501.20 
2493.30 
24S3.34 
2473, r8 
2465.23 
3453-56 
2439*^5 
3430- 19 
£410.60 
2391.56 

2379-4' 
2384.91 



3817.5S 
2803,71 
2794.80 
2788.00 
277S.18 
2767*02 
2760.99 
2754 51 
2749.64 
2745*16 
2739.62 

2734-42 
2726.23 
2719.12 
2706,68 
2696. 1 5 
2673,31 

2fj/M.77 
2651.81 
2031.40 
2620. 50 
2605,80 
2591.64 
£578.04 
2570.59 
2556.Q5 
2547,09 
£539.01 
3530*82 

2525-51 
2522.00 
2514.4T 
2507,01 
2498.99 
2491 24 
2480. 28 
2472.86 
3463.74 
2447- S4 
2439-39 
2429. ?6 
2406.74 
2388.78 

2375-33 
3363.14 



38 I 5. 61 
280 1, r 8 

2793.47 

27S3.78 

2774*79 

2764.44 

2759' 8g 

2754.12 

2749.45 

2744.63 

2737.40 

2733.67 

2725 

271S.54 

2706. TO 

2690. 1 s 
2669.6a 
2662. it 
3647.67 
2031.12 
2017.70 
2604.93 
2518.14 

2569.76 
2556*4t 
3546.29 
2537-24 
2539.43 
2525.14 
2531.12 
2512.41 
3505.67 
2497.91 
3491.01 
24 So. 04 
2472.43 
2461,31 
3444*61 
243S.3« 
2424-23 
2404.96 
23H4.5T 
2373.82 
3360.40 



2813.39 
£79138 

3791.87 
3781,9s 
2773^1 
2763.20 
2757.94 

2753*77 
3 749. 26 

2744,16 

2737.05 
2730. 82 
2723 67 
2714.M 
2704.09 
26S9.95 
2666,00 
2661.32 

2645 SS 
2028.39 
2615.53 
2599.49 
£585.06 
2576.33 
2566.99 
2553.35 
2544.86 

2536.93 
2528.60 

2524.35 
2518.10 

2511. o« 
2503.53 

2497' 

2489 07 

£471?. 85 

2469. 00 

3460.40 

2443*97 

3436.43 

2421.83 

2404.51 

2383.27 

2370.59 
2360.09 
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2359.30 2354.96 2344-40 3344^12 2343.56 

333B«1I m2.86 2331.41 23*0.43 2313,20 

2309.05 2303.55 3298.25 2297.88 3293.98 22^1.21 

2289.06 2230.13 2227.81 3214,70 

LANTHANUM. 

The spark-spectrum of lanthanum is rich in lines which 

have been measured by Ktrchhoflf/ and more especially by 
Thal^n/ 



Spark 


-spectrum: 












6393. s 




5974.0 


5930-0 


SS05.5 




S79I-S 


578S.0 


5770.0 


5674.0 


5632.0 




5501 5 


5435*5 


5381.0 


5381*5 


537^-5 


5340,5 


5303-5 


5302.8 


5302.0 


St89.5 


5168.5 


517^^ > 


5123,0 


4526.5 


4535^0 


4fiS3.0 


4431.0 


4428.0 


43S5.0 


4333 


4330-5 


4322=5 




4386. S 


4268 5 


42635 


4298. G 


4a3>S 


4217.0 


4190.5 


4192.0 


415^.0 


4(42*5 


4122.0 


4086.5 


407T,a 


4042.5 


4031*5 


3947.0 













LEAD. 

The arc-spectrum is obtained by the use of leaden elec- 
trodes, preferably in an atmosphere of hydrogen, so as to 
avoid the production of the oxide bands which were observed 
by PiQcker and Hittorf ' on passing sparks through a Geissler 
tube containing lead chloride vapor. The arc- spectrum differs 
materially from that of the spark; it has been investigated 
by Liveing and Dewar/ and more recently by Kayser and 
Runge/ Lockyer and Roberts' observed that, at low tem- 
peratures, lead vapor produces an absorption-spectrum in the 
red and blue. All lead compounds exhibit the channelled 
oxide*spcctrum consisting of the bands of A — 5905, 5685, 
5611, and 5461: they shade off towards the red, and have 
been described by Mitscherlich/ Plflcker and Hittorf, and 



* A. A, 1B61, 

•KoniTi. Svenska Veiensk. Akad. Harsdl 4* ^^ec a1 

BunRcn, P, A. 166. Cl^ve, C. t. 56, 33. 

* P. T. 156. 25. 

* P. R. S. (iS7^) 402. P. T, {\%%%) 174» iB-». 
» A. B. A. 

* P. R. S. 23. 344* Lockyer, P. T. 163. 253. 369- 
' P. A. lai, 468. 
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SPECTRUM ANALYSIS. 



Lecoq de Boisbaudran.* In the Bunsen flame they are too 
fugitive to be observed with certainty, but H. W. Vogel* 
has constructed an apparatus which permits of the addition of 
lead chloride vapor to a hydrogen or coal-gas flame, and 
renders them much more permanent. 
Arc and spark spectra: 



6667.4» 


6453.3* 


6041.2* 


6002.08 


5875.1* 


6608.0* 


5547.2* 


5373.4» 


5201.65 


5045.9* 


5005.62 


4387.3* 


4246.6* 


4067.97 


3740.10 


8683 60 


8639.71 


3572.88 


3262.47 


3240.31 


3220.68 


2873.40 


8838.17 


2823.28 


2802.09 


2697.72 


2663.26 


2650.77 


2614.26 


2577.35 


2476.48 


2446.28 


2443.92 


2428.71 


2411.80 


2402.04 


2393.89 


2332.54 


8847.00 


2237.52 


2175.88 


8170.07 


2115.1 


2112.0 


2088.5 
















LITHIUM. 









Lithium salts are dissociated in the Bunsen flame and 
exhibit two lines belonging to the metal : the one. \ = 6708.2, 
t'^ very bright and deep red; the other, A = 6103.8, is fainter 
and orange-colored. Other lines are visible in the spark and 
arc spectra. Kayser and Runge ' measured eighteen, and 
Liveing and Dewar* observed two additional ones in the 
ultra-violet. 

Arc and spark spectra: 

6708.8t 6103.77t 4972. n 4608.87 4132. 44 3915.2 3232.77 2741.39 
MAGNESIUM. 

The bibliography shows how frequently the magnesium- 
spectrum has been subjected to exhaustive investigation ; it 
' Spectres lumineux (Paris, 1874). 

• Prakt. Spectralanal. (Berlin, 1889). See also Thal^n, N. A. S. U. 
(1868) [3] 6. Kirclihoff, A. B. A. 1861. Huggins, P. T. 164, 139. Hartley 
and Adeney. P. T. 176, 163. 

» A. B. A. 1890. 

« P. R. S. 28, 367, 471 ; (1880) 30, 93. P. T. (1883) 174, 215. See also 
Kirchhoff and Bunsen, P. A. 110, 167. Kirchhoff. A. B. A. x86i. Huggins, 
P. T. 1864, p. 139. Mailer, P. A. 118, 641. Kettcler, P. A. 104, 390. 
Wolf and Diacon, C. r. 66, 334. Rtihlmann. P. A. 132, i. Thal^n. N. A. 
S. U. (1868) [3] 6. Lecoq dc Boisbaudran, Spectres lumineux (Paris, 1874). 

* Visible only in the spark-spectrum. (Thal6n.) 

t Visible also in the flame-spectrum of lithium salts. 
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is obtained by burning the metal in air, by passing sparki^ 
through a solution of a magnesium salt, or between clcctrodcH 
of the metalf and by the combustion of the metal in the 
carbon arc, Liveing and Dewar ' examined the flame, sparky 
and carboa arc spectra in atmospheres of \ arious gase^ ; ih\i 
spectra are identical, although the lines may differ in bright- 
ness. They al-o observed a number of oxide band^^ of 
A ^ 5006-4934 and 3865-3720 ; these shade off in the violet. 
A band between li ^ 5634 and 3621 is also visible in the 
cxy hydrogen flame- They sia'e 1 liat when magnesium is 
burnt in hydrogen the elements combine, and the resulting 
product exhibits a band-spectrum between A — 5618 and 
4803- Kayser and Runge' have made more recent and 
accurate measurements of ihe arc-spectrum, using magnesium 
powder, or wire, and carbon poles; they were unable to detect 
the bands of the oxide or hydrogen compound » but the former 
were plainly visible on burning the metal in air. E. BecqucreE ' 
found the infra-red lines A ~ 8990, 10,470, 12,000, and 12,120 
in the arc- spectrum. Magnesium compounds arc not dis- 
sociated in the Bunscn flame. 
Spark and arc spectra: 



S5a8.75 5183.84* 51T2,S7* 5167,55* 4703^33 4S7r*33* 

S8a8.M 3132.40* 8029.61* 333^^^ 3330.03 

3093.14 3091,18 2943.21 1938.67 £852. 22* 2803.80 

2783,08 3781.53 2TTA.M 377 S. 36 277680 



3097 08 
279&.63 



» P, R. S, 38, 367 ; SO. 93 ; 33, 189. F. T. (1883) 174. aoS, 
"A. B, A, 1891. 

*C, r. 96, 1213 ; 9?, 72. See also Kirchhoff. A, B, A. 1861. Thal^n. 
N. A. S. U> (1868) 6. Lecoq de Botsbaudran» Spectres lumineux (Pans, 
fS74t. Cornu, Spectre norroal da soleil (Paris, t88t). Bunsen, P. A. 15&, 
36(1. Fifvez, BulL de TAcad. R. de Belgique (1S80). [3] 1, 91. HartJey 
and Adetiey, P. T, (ia84) 176, 95, 



^ Also visible 10 the flame'Spectrtim, (Liveing and Dcwar.) 
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SPECTRUM ANALYSIS. 



MAGNESIUM HYDRIDE.* 

Bands extending towards the red : 

5619 5567 5514 5513 5512 6211 6181 4850 4804 

MAGNESIUM OXIDE.* 
Bands extending towards the red : 

Sooi 4991 4981 4970 

MANGANESE. 

The spark-spectrum of manganese has been measured by 

e 

Huggins,' and byThal^n;* the arc-spectrum by Angstrom,* 
and Thal^n, and in part by Lockyer,* and Cornu.* The 
spectra are not identical, and they have not been the subject 
of recent investigation except by Hartley,' who examined the 
oxyhydrogen flame-spectrum of manganese, and manganese 
oxide. 

Potassium permanganate exhibits the most characteristic 
absorption-spectrum of any manganese compound; it has 
been investigated by Gladstone,* Brewster,* and H. W. 
Vogel.'" The last states that the spectra of the solid salt and 
of the solution are similar, but not identical; the spectrum 
of potassium manganate is quite different (comp. following 
chapter). The determination of potassium permanganate by 
spectro-colorimetric methods is described in G. and H. Kruss* 
work on Colorimetry and Quantitative Spectrum Analysis. 

' Liveing and Dcwar, P. R. S. 28, 367 ; 30, 93 ; 32, 189. 

• P. T. (1864) p. 139. 

» N. A. S. U. (1868) [3] 6. Lc spectre du fer, 1884. 

• Rechcrchcs sur lc spectre solatre (Upsala, x868). 

• P. T. (1873) 163. 270. 

• Spectre normal du soleil (Paris, t88i). 

^ P. R. S. (1894) 66, 192. P. T. (1894) 186, 1029. See also Lecoq de 
Boisbaudran, Spectres lumineux (Paris, 1874). Liveing and Dewar, P. R. 
S. (1879) 29. 402. 

• Jour. Chcm. Soc. 10. 79- P- M. [4] 24, 417. 

• //^iV[4]24. 441. 

»• Ber. 11. 916. Monatsber. Bcrl. Akad. 1878. p. 412. 



SPECTRA OF THE ELEMENTS. 



«4S 



Arc and spark spectra: 







6013,7 


5420,6* 


5413.5* 


5377.7* 


5341*3* 


4S23.7 


4703,6 


4786.8 


4762.3 


4TM.3 


473Q*a 


4730-0 


4727.6 


4710.0 




4626.4+ 


4607.4+ 


460s 6f 


4548*9t 


4502.3 


4499- 


4490.2 


4473- i 


4470 I 


4464.9 


4462. 1 


4461.3 


445^*3 


4457' S 


4456*0 


4455-4 


(4455. Jf 


4454*9+) 


4451.8 


443&-3 


4414.9 


43aa^2t 


4375. it 


4337-6+ 


4325-9+ 


4284. St 


4^81.5 


4272.2^ 


4266.5 


(4260*9 


42S8J 


488S.4 




40&3.S 


4080.3 


4055*0 


404S.9 


4041.3 


4033.2 



4030*9 

MANGANESE OXIDE/ 

Spark'Spectrum : 

6235 6205 b 6186 6179 b 5933 5848 b 5689 5684 5645 b 5608 b 
55bo 5434 54«4 5396 539= ^ S3^b 5230 b 5^93 b SiSSb 



MEttCURY. 

The earlier observers measured the spark- spectrum under 
the ordinary pressure, or under reduced pressure in n Geisslcr 
tube. Liveing and Dewar* were unable to obtain the arc* 
spectrum, but Kayser and Runge * succeeded m doing so 
without difficulty. 

Arc and spark spectra : 

6l52.6t 58S9.1* &790.49 5760.45 5460.97 4916.41 4358.&6 
4347.65 4o78*t>S 4046.78 3^^3^*5 3<J54-94 3650.31 3390*5o 
3341,70 3131-94 3131*63 91SI5.7B S0&7,37 2925.51 2393.67 
3759.83 3752.91 2655,29 2653*89 2652.20 3642.70 2576.31 
1536.78 2534.89 2464 IS ^446-96 



^ Lecoq de Botsbaudrati, Spectres lumincux {Paris. 1S74). Wau^, P. M« 
[4] 46, 81. Hartley, P T. (1B94) 186. 1029. 
' P. T, (1883) 174, 2tS. 

* A. B. A. 1S91. See also Kirchhoff, A. B, A, 1861. Huggins, P. T. 
(1864) p. 139. Gladstone, P, M. [4] 20. 249- PHicker, P, A. 107, 497, 
Thal6n, N. A, S. U.(iS68) [3] Lccoq de Boisbaudran, Spectres lumineux 
(Paris. 1S74). Hartley and Adcney. P. T, 176, 136. Pcarce. W. A. 6. 597. 
H. W. Vogcl, Berl. Monatsber, 1879. P* 586* Ederand Valeata, Denkschr, 
VVUner Akad* (]S94) 61, 401. 



* Visible on]y in the spark-apectriim. ^Thal^n.) 
f Visible only in the arc-spectrum. (Thal^ti.) 
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MOLYBDENUM. 

The spectrum of this element has not been thoroughly 
investigated. Thal^n/ using Leyden jars, examined the visi- 
ble portion of the spark-spectrum; Lockyer,* in addition, 
observed about 35 arc lines between A = 4000 and 3900 ; and 
W. A« Miller* photographed some lines in the ultra-violet, 
but did not measure them. 

Spark-spectrum : 

mm.t Mt8.f 5857-6 5792.0 5751.2 5688.6 M70.S MSS.6 
4^8.3 

NICKEL. 

Thal^n* used nickel electrodes in order to obtain the 
spark-spectrum, and Lecoq de Boisbaudran * passed sparks 
through nickel chloride solutions; like Kirchhoff/ they only 
examined the visible portion. Angstrom's* investigations of 
the arc-spectrum were limited to the same region. Comu,' 
Lockyer/ and, more recently, Liveing and Dewar," have 
examined portions of the spectrum, particularly the ultra- 
violet ; and Hasselberg" has recently completed a careful in- 
vestigation of the spectrum between D and X = 3450. The 
absorption-spectra '* of solutions of nickel salts are not very 

« N. A. S. U. (i868) [3] 6. 

• P. T. 173. 561. P. R. S. 27. 280. 
» P. T. (1862) 162. 861. 

• N. A. S. U. (i868) [3I 6. 

• Spectres lumineux (Paris. 1874). 
•A. B. A. 1861. 

^ Recherches sur le spectre solaire (Upsala. 1868). 

• Spectre normal du soleil (Paris, i88i) 

• P. T. 163. 369 : 173. 561. 
>• Ibid. (i888) 179. 231. 

" Svensk. Vetcnsk. Akad. Handl. (1896) 28. No. 6. Astrophys. Jour. 
<l8qft) 3. 288 : 4. 343 : (i»97) 5. 38. 
>» H. W. Vogel, Ber. (1875) 8, 1537- 
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characteristic; the majority 
end. 

Arc and spark spectra: 



produce total extinction at each 



6177.0 


5893-13 


5761.10 


5754-8<i 


5695,22 


5682-44 


5664.23 


5649.90 






557S 98 


5510.28 


5 168. S3 


5155*92 


5146.64* 


5142.96 


5100.13 


5099.50 


3034.27 


50S2.55 


£042.35 


3035.35 


5017-75 


5000.48 


4904.56 


4866.42 


4855*57 


4331 30 


4714.59 


4703,96 


4686 39 


4648.83 


4592.69 


4547-44 


4520.20 


4470.61 


4410 70 


4401.70 


4384.68 


4359*73 


4296.06 


4233.16 


42S4.83 


420t.BS 


5873.70* 


3972' 3 i 


3944 25 


3889.80 


3^31.^2 


3829.49 


3S07.30* 


3793.75 


3772,70 


3744.6S 


3739^36 


373^'-94 


3670.57 


3664.24 


3624.87 


3019.32 


3602.41 


3597*84 


3588,08 


3571-99 


3528.13 


3524.05 


3919.90 


3313.17 


3403.10 


3486,04 


3472.68 


3469.64 


34530 


3440.4 


3437.3 


3434.1 


3414 & 


3408.3 


3394*1 


3392,1 


3361.6 


3321.9 


3317-3 


3344.5 


3179-^ 


31S4.0 


3101,99 


3101.67 


3057 6* 


3054-3 


3050.8 


3037.9 


3002.5 


2994- 5 


2992.6 


398 T. 6 


2913.6 


2865.5+ 


2863.7* 


2S3I.2 


2647,3 


2639. 9* 


2615.3* 


2610,0* 


^34.0 


2473.2 


2454^1 


2441.9 


3413.2 


2394- 7 


23944 


3393-0 


3345- r 


2341*1* 


2334,5 


3330.0 


3319.7 


2318.4* 


2316.0 


2314.0 


3302.9* 


2302.4* 


2296.6* 


3387-8 


2274.5 


2270.3 


8234.3 


225B.0 


2244.8 


2230uO 


2226.2 


2224.7 


22t0.2 


2206.5 


3205.6 


330I.3 



5715*31 


5712.10 


5709,80 


5625.56 


5615.00 


5594,00 


5477,13 


5436,10 


5371.64 


3137.23* 


5139.52 


5115.35* 


5031.30 


5Q30,70 


5049.01 


4984*30 


4980. 36 


4918*53 


4829. 18 


4786,66 


4756.70 


4606,37 


4605,13* 


46cxi,5I 


4463.59* 


4450.21 


4437*17 


433(^78 


4330,85 


4325,75 


4195-71 


4133,48 


3995-45 


3863.21 


3338.40 


3832.44 


3792.48 


3733.67* 


3775*71 


^ 3722.63 


3688,5s 


3674*28 


361 2. 86 


3610.60* 


3609,44 


3560.50 


3551-66 


3548,34 


3514*06 


3610,47* 


3501.00 


3467*63 


3461.73 


3403,59 


3434.3 


3415^5 


3415*1 


3331.7 


3375.0 


3370,6 


3236.0 


3234*4 


3197.4 


3087.0* 


3080,7 


3064.6 


3019.2* 


3011.9 


3003,6 


2943-9 


2936,7* 


2928.3* 


2805.4 


2684,4* 


2679.2* 


2545*8 


2511.0 


2506.3* 


2437*9 


3421,3 


2416.4 


33S3.3 


2375*4 


2356.3 


3326.4 


2325.9 


2321.4 


3312,3 


3311,0 


2303.7 


2237.2 


2273,8 


2278,2 


33f6.I 


2355*1 


2253.9 


2222,7 


3220,2 


2210,2 


3184,6 


2174.8 


2174.2 



NIOBIUM, 

Thal^n unsuccessfully endeavored to measure the lines, 
which are very faint. 

"* Visible only in the spark-spectruni, f Vtsible only in the arc*spectrum# 
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XITKOGEN. 

In addition to the ordinary- spark or elementary spectrum, 
tvo band-spectra are knovn, one produced at the cathode, 
the other at the anode, when a feeble discharge is passed 
through the gas contained in a Geissler tube. The spectrum 
obtained with powerful sparks consists of numerous lines 
which are bright, but not quite sharp: they have been meas- 
ured b>' Huggins and Thalen,* whilst Hartley and Adeney * 
subsequently examined the blue and violet ones. Plucker 
first observed the band-spectrum at the anode in 1S58: it was 
noticed a little later by van der Willigen:' Plucker and 
Hittorf/ and Lecoq de Boisbaudran, published drawings of it : 
and it was accurately measured by Angstrom and Thalen/ 
and more recently by Hasselberg/ Angstrom and Thalen 
believed that the spectrum ^K'as not due to nitrogen, but to an 
oxygen compound, and this view was supported by Schuster/ 
who observed that the spectrum disappears if the gas is heated 
with sodium, which he thought absorbed the ox\-gen: but 
Salet* showed that the spectrum is obtained in these circum- 
stances if the metal is previously saturated with nitrogen. 
Since that time this spectrum has been universally ascribed to 
nitrogen; it consists of channelled spaces sharply defined 
towards the red, and shading off towards the violet. Hassel- 
berg and Piazzi-Smyth,* using instruments of high dispersive 

» X. A. S. U. ^i-75* [3] 9. rFrom 5942.7 to 4641.0.) 
« P. T. 176, 91. <From 4629.7 to 3995-2.) 

* P. A. 106. Cio. 
« P. T. 156. I. 

» K. A. S. U. fr^75> f3] 5. 

• Mfcm. dc TAcad. Si. Pctcrsb. (iSSc) [7] 32, No. 15. 
' P. R. S. 20. 4'^2. 

• A. c. p. [41 28. 52. C. r. 82. 223. 274. 

* P. T. E. 32. 416. Sec also AngsirOm. P. A. 94. 141. Wiillner. P. A. 
136. 524; 137, 35O ; 147. 325 ; 149. 103. H. C. Vogcl, P. A. 146. 569. 
Dcslandrcs. C. r. 103. 375- A. c. p. \t\ 14. 257. 
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power, succeeded in resolving the bands into groups of sepa- 
rate lines. The band -spectrum at the cathode was differ- 
entiated from that at the anode in 1858 by Dove/ and van 
dcr WilHgen/ but subsequently Plucker and Hittorf stated 
that they were identical. The principal bands were measured 
ten years later by Angstrom and Thal^n* Hasselberg * sub- 
sequently resolved them into bright sharp lines^ which are 
totally different from those at the cathode, although their 
appearance is similar Trowbridge and Richards* state that, 
with a powerful continuous discharge, nitrogen exhibits its 
channelled spectrum, but the introduction of a condenser 
causes a change to the bright h'ne- spectrum. In connection 
with nitrogen the spectra of some of its compounds and of 
air are of interest. The line-spectrum of air is composed of 
the spectra of nitrogen and oxygen; it is always observed 
when sparks are passed between metal electrodes in air, and 
requires particular notice in order to avoid errors in the inves- 
tigation of spark-spectra. The air lines usually extend equally 
sharply over the whole breadth of the spectrum, whilst the 
metallic lines often form aggregates proceeding from the poles. 
An absorption-spectrum is produced by considerable thick- 
neftses of air^ particularly in presence of water vapor; in solar 
observations this causes some of the Fraunhofer linesp the 
intensity of which differs with the position of the sun, and 
depends on the thickness of air which its rays traverse. 

Ammonia exhibits a Iine-spectrum when burnt in air in a 
hydrogen flame, or in oxygen in an oxyhydrogen flame r it has 
been measured by Dibbits, Hofmann* Lecoq de Boisbaudran, 
Magnanini, and Eden The principal band extends from the 




* R A. 104. 184. 
» Ibid. 10«, 626. 
'N. A. S. U, (iS75)[3l 9. 

* M^m. de I'Acad. de Su P^tersb. (1885) \i\ 33, No. 15. Sec also H, C, 
Vogcl. A. (laya) 146, 569. Deslandres, C. r, 103, 375. A. c. p. (1888) 
16] 14. 257- 

* Amcr. Jour, Sci. (1897 [4] 3» 117* P, 43. 135. 
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red to the beginning of the violet, and consists of numerous 
lines or bands, some sharp and some aggregated, but showing 
no regularity in structure. A second band is composed of 
sharp lines; the remaining five bands closely resemble each 
other in structure. Their sharp edges are directed towards 
the red, and the other ends may be resolved into numerous 
slender lines grouped with tolerable regularity. 

Amines when burnt in oxygen do not exhibit character- 
istic spectra. 

Nitrous Anhydride (NO + NO,) gives an absorption- 
spectrum which was observed by Brewster in 1832, but not 
described until i860: his drawing cannot be reduced to 
measurements, as no scale is given. The spectrum was 
accurately examined by Hasselberg in 1878 between B and 
\ = 4600; it is extremely complex, partly because it varies 
with the quantity of gas, partly from the large number of lines 
and bands, which are not arranged according to any definite 
plan. 

The spectra of the electric discharge in liquid nitrogen, 
air,and oxygen have been investigated by Liveing and Dewar;* 
they consist of a continuous spectrum, of bright lines derived 
from the electrodes, and of comparatively feeble bands 
apparently emanating from the molecules of the liquid. The 
continuous spectrum is also probably due to the electrodes. 
Bruhl * has determined the spectrometric constants of nitro- 
gen, and has endeavored to elucidate the spectro-chemical 
relationship of its compounds. 

Line-spectrum of nitrogen: 

694S.7 5983.1 6679.1 56/5-6 5667.1 5543-2 5535-1 
5531- ' 54^6.1 54S0.0 5045.9 5025.9 5016.9 5010.9 
5005.9 5002.9 4994 4 49^S.o 4^04.1 47^9- 1 4780.1 
4641.0 4629.7 4606.4 4600.9 4446.S 434^•S U237.0 
4229.5) 3995.2 

» P. M. [5l 38. 235. Bcr. (iS95) 28. 4. 

« Zischr. phys. Chcm. 16, 193, 225. Bcr. 26. S06. 250S: 28. 23SS. 2393. 
239Q. 
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Band-Spectrum at the anode, 
ment of the bands: 



151 

Lines at the commence* 



6623.4 


6544.4 


6468.3 


6394.2 


6332.4 


6352,6 


6185.5 


6I2G.9 


6069.4 


6oi3»4 


595^.9 


5905,6 


5^54- 1 


5S03.9 


5754-S 




5660.3 


5614,9 


5570.1 


5515-4 


S47S.4 




S407'2 


S373-6 




5306,7 


5275,0 


5244.1 


5213-7 


5184.S 


5155 4 


5126.9 


5099.5 


5069,1* 


4976.6 




4733-<^* 


4649.4* 


4574^3* 


4490>3* 


4416.6* 


4357*5 


4270.0* 


4201.6* 


4141*7* 


4094^9 


4059.3* 


399S*5* 





Band -Spectrum at the cathode, 
ment of the bands: 

4653.1 4600. ^ 
4199.3 4167.0 



5228.5 
4278.6 



4709-5 
4336-9 



Lines at the commence- 



4554-6 4516. 1 4485*7 



AIR. 



Spark-^spectrum:' 

6563.1 5942.9 5933 1 6670,1 5775,6 5667*1 5542.2 5535. T 

S53t.i 5496.1 5480.0 5*>45-9 5025-9 5016,9 5on,o 5006.0 

5003.0 4994.5 49^3.0 4^04^1 4789.1 4780.1 4707*6 4699.1 

464S.0 4642.0 4629,7 4606,4 4600.9 4446.7 4416,2 4414.3 

4348.8 4319-3 4341*2 4237*0 4229.5 4075.3 4072.1 40699 

3995-3 3973-2 3955-5 3919-2 3749-^^ 3727-1 3438»i 3333-7 

3331-5 3309-2 



See 




Absorption-spectrum,* Telluric Fraunhofer lines, 
also Rowland* s table of wave^lengthst p. 191: 

>Thal6n. N, A. S. U, {186S) [3] 6 {w.-l. 6563.1-4699,1), Hartley and 
Adency, P* T. (1884) ITS, 91 (w»*l 4648,0-3309.2). Kirchhoff, A. B. A* 
i86t* Huggins, P. T, (1S64) 154, 139. Lecoq de Boisbaudran* Spcctrei 
lumineyx (Paris. 1874), PlQcker and Hitiorf, P, T, (1865) 155.1. Gold- 
stein, W, A, (tS82) 15, 3do. 

* Becker, T. R, S, E. (1890) 36, t. Brewster, P. T. E. 1S33. Btewiter 
and Gladstone, P. T. (i@6o) 150, Angstrom, Recherche^ sur spectre 
Solaire(Upsala. tS6S), Piaiii-Smytb^ Madeira spectroscopic ( Edinb, r882). 
Fi^vei, Spectre solaire (Brnxellcs, 1S83), Egoroff, C. r. 97, 555 ; 101, 
ti43» Hantefeuille and Chappuis, C. r. 93, 80. Cornu, A. c. p, [6j 7, r. C* 
r. 95. Soi. Abney, P, R. S. {1BS5) 34B. C. r. 97, 1206, Hcnncsay, P, 
R. S. {tS7o) 19. P. T, (1875) Langlcy. C, r. 97, 555- Janssen, A. c. p. 

(rS70[4] 33: C, r. (1^63) 66, 538: '1865) 60, 213; (1866) S3, 289: (1874) 78, 
995 ; (idSs) 101. Ill, 149; (1836) 102 ; (188S) 106; 4jS8Sj 107; (18S9) 106. 
Secchi, C. r. (1S65) 60, 379. Thollon, Ann. de I'Obs. de Nice (1890) 3. 



* Triplets, 
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6090.33 
5990.74 
5977.14 
5967.87 
(5958.48 
594942 
5945.39 
5935.96 
5923.98 
5913.15 
5900.22 
5893.72 
5886.12 
5722.07 
5125.20 



5999.83 

5989.44 

5976.94 

5967.66 

5958.42) 

5949.25 

5944.84 

5932.96 

5923.82 

(591095 
5900.06 

5892.59 
5884.04 

571975 
5068.88 



5997.43 
(5988.75 
5975.27 
5966.81 
5958.02 
5948.35 
5944.42 
5932.28 
5922.66 
5910.87) 
5899.17 
5891.87 
5859.73 
5699.52 
5067.29 



5994.74 
5988.67) 
5971.53 

(5966.42 
5955.10 
5947.24 
5942.73 

(5928.53 
5920.73 
5910.25 
5898.39 
5891.73 
5745.92 
5698.31 
5060. 19 



(5992.17 
5987.20 
5970.24 

5966.33) 

5951.68 

5947.02 

5942.57 

5928.43) 

5919.85 

5909.14 

5896.97 

5890.34 

5742.30 

5692.57 
5056.58 



5992.01) 
5985.37 
5969.24 
5962.65 

5950.49 
5946.14 
5941.73 
5925.19 
5919.22 
5902.25 
5895.26 
5889.78 
5737.82 
5690.62 
5018.55 



5991.03 
5977.94 
5968.49 
5958.85 
5949.92 
5945.81 
5941.19 
5924.49 
5918.62 
5901.68 
5895.11 
5887.36 
5727.18 
5687.66 



AMMONIA.* 



Flame- spectrum : 



Band 


a 6667—3572: 


6330 


6293 


6189 


6051 






5703 


5694 


(5271 


5263) 


Band 


P 3433—3396: 


3370.8 


8860.8 






Band 


r 2719— ? ' 


2719.2 


2718. I 


2710.9 


2709.1 


Band 


6 2595—2500: 


2595.6 


2594.3 


2587.7 


2586.2 


Band 


€ 2479—2406: 


2478.8 


2477.4 


2471 5 


2470.3 


Band 


C 2371—2308: 


2370.8 


2370 


2364.5 


2363.4 


Band 


Tf 2272 — 2210: 


2272 


2271 


2265 


2263 



NITROUS ANHYDRIDE.' (NO, + NO.) 

Absorption-spectrum : 

6165.7 6127.8 6122. I 6929.1 5921.4 5790.7 5753.5 5730.4 

5654.0 6645.6 5648.1 5636.7 5634.0 5531.5 5529.2 5490.7 

5463.3 5452.1 54313 5393.5 5390.4 5385.3 5380.2 5340.2 

6264.6 5260.2 5262.8 52438 5241. 2 5230.6 5225.1 5220.0 



• Magnanini. Aiii della R. Accad. dci lincei [4]. 6. 90o(w.-l. 6667-4493). 
Eder, Denkschr. Wiener Akad. (1893) 60 (w -1. 5080-2210). Dibhits. Die 
spectraal Analyse. 1863. P. A. (1S64) 122. 497. Schuster. B. A. R. 1S72. 
Miischerlich. P. A. (1863) 121. 459. Lecoq de Boisbaudran, C. r. 101. 43. 
Hofmann. P. A. (1872) 147, 92. 

* Hasselberg, Mdm. de 1 Acad. Si. P6iersb. (1878) [7] 26. No. 4. Brew- 
ster. P. T. E. 12.519. I*. A. 28. 385: 37. 50. P. T. (i860) 160. 157. 
Morren, P. A. 141, 157. Oernez. C. r. 74. 465. Moscr. P. A. 160, 177. 
Bell, Am. Chem. J. (1885) 7. 32. 
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&S08.D 5200.7 6196.0 5101.1 51148 501)60 ACW.a 
5032. S d02a.O 4966,6 49H^B 4947*3 494^.7 4903.9 4866.4 
4815.0 4791.8 4791<S 4747^6 4600.6 4644.6 

OSMIUM. 

Thaldn* observed only a single line in the spectrum of this 
element; Huggins,' in the visible region, noticed seventeen 
others, and Lockyer ' four additional ones between A = 4000 
and 3900, Rowland and Tatnall * have recently measured 
the arc -spectrum between A ^ 3000 and 4600 ; the lines are all 
comparatively faint, especially the double one. 

Arc and spark spectra: 
4422.7* 4420.633 4260.993 4135-945 (4097. 09U 4097.004) 4066. S43 

OXVGEN. 

The spark-spectrum of air was first measured by Ang* 
Strom * (comp. nitrogen), who did not distinguish the oxygen 
from the nitrogen lines; this was first done by Huggins/ 
Pliicker and Hittorf examined the spectrum of oxygen 
enclosed in a Geissler tube, but failed to get concordant 
results in consequence of the presence of carbon monoxide, 
which is so readily produced, Schuster' found a compound 
line-spectrum at the anode, and a band-spectrum at the 
cathode. The elementary line-spectrum is obtained by pass- 
ing sparks from a Ley den jar through oxygen under the 
ordinary pressure. 

The absorption-spectrum is only produced by a consider- 
able thickness of the gas; it is the origin of some of the 

» N, A. u, {i%m [3] ^ 

» p. T. 1864, p. 139, 

* Jhid. (1881) 173. 56 T See also Fraser, C. N. 8, 34. 

* Astrophys. Jour. 0^95) % 
' P. A. (iB55> MI- 

* P. T, 1S4, 146. 

' Ibid. 166. 23. PlUcker, P. A. (1659) 107, 518, 
» R T. (1870) 170, 37^ W, A* 7, 670. 

* Spark-spectnttn. 
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telluric lines in the solar spectrum. The presence of oxygen 
in the sun is still an open question. The spectrum of the 
electric discharge in liquid oxygen consists, according to 
Liveing and Dewar,* of a few obscure absorption-bands. 
Bright lines produced by the electrodes are also visible, 
together with a continuous spectrum which is ascribed to 
solid particles detached from them. 
Elementary line-spectrum: 



6171.7 (A.&Th.) 


5206.4 


4816.6 


4802.4 


4782.6 


4710.2 


4705.4 


4694.1 


4651.0 


4649.2 


4643.4 


4641.9 


4638.9 


4630.7 


4621.4 


4614.0 


4607.2 


4601.4 


4596.2 


4592.9 


4592.0 


4590.9 


4583.1 


4544.5 


4520.5 


4507.7 


4503.0 


4447-1 


4417.2 


4415.0 


4366.9 


4353.7 


4351.4 


4349-3 


4347.9 


4345.5 


4319.5 


4317.2 


4279.9 


4190.0 


4185.3 


4119.4 


4109.8 


4105.2 


4105.0 


4076.2 


4072.3 


4070.2 


3995.1 


3981.4 


3973-6 


3956.2 


3954.8 


3919.3 


3882.4 


3755.3 


3749.8 (Tr. &H.) 


3139.4 


3135.3 (Desl.) 






Compound line-spectrum. 


At the anode: 








6157.9 


5436.5 


5330.4 


4368.2 (Sch.) 








3956.0 


3948.9 


3824.4 


3692.4 


2883.5 (Desl.) 





Band-spectrum. At the cathode: 
b(6oio 5960) b(5900 5840) 5(5630 5553) 5(5292 5205) (Sch.) 



PALLADIUM. 

The spark-spectrum of palladium is obtained by means of 
powerful discharges from a Leyden jar, passed between 
electrodes of the metal, or through a solution of the chloride. 

* P. M. 38, 235. Her. (1895) 28, 4. The spectra of oxygen have also 
been observed by the following : Trowbridge and Hutchins, P. M. 
(1887) [5] 24, 302. Deslandres. A. c. p. (1888) [6] 14, 257. Wtillner. P. A. 
130, 515 ; 137, 350: 144, 4S1: 147. 329. W. A. 8, 253. Salet, A. c. p. [4] 
28, 52. Lccoq de Boisbaudran, Spectres lumineux (Paris, 1874). Ang- 
strfimand Thaldn, N. A. S. U. (i875)r3] 5. Paalzow and H. W. Vogcl, W. A. 
13,336. Piazzi Smyth, P. T. E. (1882)30.419. P. M. [5] 13. 130. Janssen, 
C. r. 118. 1007. Hartley and Adeney, P. T. (1884) 176, 91. Neovius. 
Bihang til Svcnska Det. Akad. Handl. 17, Afd. i. No. 8. W. A. Beibl. 
(1893) 17, 563. Eisig, W. A. (1894) 61, 747. Hasselberg, W. A. (1S94) 62, 
758. Trowbridge. P. M. (1896) 41, 450. Runge and Paschen, Astrophys. 
Jour. (1S96) 4, 317. Lewis E. Jewell, Ibid. (1897) 6, 99. 
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Some lines m the ultra-violet have been photographed by 
Hartley,* and Rowland and Tatnall ' have measured the arc- 
spectrum between X — 3000-4200, The lines are all com- 
paratively faint. 

Arc and spark spectra; 



5695-1 

5395^1 

38Q4.3S4* 
3517,096* 
3421.367* 
3343JaS* 



5G6r). 1 

5296. L 

4S1S.1 

3690. 4S3* 

3489*915* 

3404.725* 

3114,153* 



5641.1 

5234-7 

47^3*1 

3634.841* 

34 Si. 300* 

3337*139* 



5619. I 
5164.1 

4474-4 
3609.696* 
3460.384* 
3302,256* 



5547- a 

4313-1 
357i.3'^2* 
3441^539* 
3258.900* 



5543-^ 

5110,9 

395S-772* 

3553.236* 

3433'57B* 

3251.760* 



PHOSPHORUS. 

The line-spectrum is obtained by passing sparks through 
a Geissler tube containing phosphorus vapor, the band-spec- 
trum by the introduction of phosphorus vapor into a hydrogen 
flame. The bands are most clearly visible If the flame is 
cooled by allowing it to impinge on a metal plate against the 
other side of which a stream of water flows. 

Line-spectrum:' 

6506 6058 fiOSS 5421 5403 5382 5338 5307 
S»t5 51144 4001 4580 (PL lS^ H.) 

Band-spectrum:' 

5995 5606 b Sth^h^ 5107 b (L, B.) 

The bands marked are sharply defined towards the red 
and shade off towards the violet, 

* R T. Dublin (18S2) [2] I. 

' Asirophy*. Jour. (1S96) 3, agi. See also Thalin, N* A. S. U. (1868) [3! 
0. Kirchhoff; A. B. A. l86i. Huggins, R T. 1864, p. 139. Lecoq 
Boisbaudrati, Spectres lumineux (Paris, 1874). Lockyer^ P, T. (iSSt) n3» 
S6l. 

* Pltlckcr and HiUorf, R T. (1665) )5&, 24. 

* Lecoq de BoisbaudraHp Spectres lummeux (Pans. 1S74). See aUo 
Seguin, C- r. (1S61) 63, 1272. Sakt, A. c. p. (1S73) [4] 28« 56, Chnstofle 
and Beilstein, C. r, (1S63) 66, 399. Mulder^ J, pr. Chem. (1S64J 91 » tit, 
Lockyer, R R. S. (1874) 33i 374. Hofmanfi, P, A* 147, 92. 

* Arc spe4:triim. 
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PLATINUM. 

The spark- spectrum is obtained by the use of powerful 
Leyden jars in conju action with platinum electrodes, or a 
solution of platinum chloride* Gouy * obtained the spectrum 
by mixing platinous chloride with the gas in a Bunsen burner. 
The measurements of Thal^n/ Kircbhoff/ Huggins/ and 
Lecoq de Boisbaudran * are confined to the visible region. 
Lockyer' observed twelve lines in the arc-spectrum between 
A — 4QOO-5900. Rowland and Tatnall ' have recently meas- 
ured the arc-spectrum between A, = 3000-4600 ; the lines arc 
all comparatively faint, especially the double one. 

The absorption-spectrum of platinum chloride solution 
consists in a complete extinction of the blue end of the spec- 
trum; solution of potassium platino-chloride exhibits* in 
addition, a rather large band, the middle of which is situated 
at 486/^/^. 

Arc and spark spectra: 

6523.3 5964.7 5479-0 547*^-5 5390-6 5368,6 5802. S 

5227.3 5060.4 493^*4 4S99.O 4S79.9 4^53.9 4580,8 

4560.3 4S52 3 4481,8 4455 4448.0 4445.7 4442.723* 

4440-7 4435- 1« 4430-4 4393-0 4291.1 (33S3.436* 3283.332*) 

3064 , 814* 299S , »J79 * 



POTASSIUM, 

The compounds of this element are readily dissociated by 
the Bunsen flame and exhibit the lines of the metal; the 
more prominent ones, with a low dispersion, are the pair 

» C r, (1877) 439- 
» N. A, S. U. <i86S)[3l 
< A. B, A. 1861. 

* F. T, 1S64, p. J 39. 

* Spectres lumineux (Paris, 1&74)' 

* P. T. (i88r) 173. 561. Sec abo Hutchins and Holdeij, P, M, (1887) [5] 
3^5' Ciamicmri, Wien, Ber. [2] 76» 499. 

' Astrophys. Jour. (iSgj 2» 185. 

* Arc*spccirum, 
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\ — 7699 and A. — 7665 > and the violet one. A = 4044. 
Lockyer ' believed that four of the potassium lines are visible 
in the solar spectrum, the absence of the others bein^ due to 
the dissociation of potassium at the temperature of the sun, 
and that the visible lines constituted the spectra of the sub* 
stances into which potassium was resolved, Kayser and 
Runge*s' accurate measurements have shown that potassium 
lines are absent from the solar spectrum, so that Lockyer's 
hypothesis is baseless* E* l^ecquerel * described the lines A — 
109^0, 11020, and 12330 in the hifra-red. 
Arc and spark spectra: 

(7699.3 7665.6)* 6038.8 6911.2 5832,23* 5SJ3.54 
58o3.gi* 57Sa.67* 4047*36 41^44* ^9* 3447^4(> 344^^49 
32r7-37 3*<>a.37 3102.15 3034-94 

RHODIUM. 

Thal^n unsuccessfully endeavored to measure the faint 
lines in the spectrum of this element^ but Rowland and 
Tatnair have recently photographed the violet and ultra* 
violet lines of the arc-spectrum between A ^ 3000 and 4500. 

Arc- spectrum: 

4374.931 4311.304 3959-009 3S56.654 3701.056 3692.503 365^^135 
3597.394 35&5*a52 3539.177 3503^674 3463.184 3435-039 3396.960 



> P. R. (187S) 27. 379. 
' A. B. A. 1890. 

' C. n i2i3 : 07 72, See also Bunsen and Kirchhoif, P. A. 110, 167. 
KirchhofT. A. B. A. 1861. Huggins, P. T- 1864. p. 139, Rutherfurd, SilH- 
man's Journ. [s] 35, 407. Wolf and Diacon» C* r. SB, 334* Tbal^n, N. A. 
S* U. (i868) [3] Salet, A. c. p. M873) [4] 28, 56. Lccoq de Boisbitudrsn^ 
Spectres lumineux (Paris, 1874). Livcing and Dewrar, P, S. 28, 367^ 
471 3g3. P. T, (18831 174, 315. De Gramont, C. r. (1396) 123. 1411,1443, 

*Astfophys, Jour. (1S96) 3, 386. 



* Visible atso ia the Eame-specifum* 
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RUBIDIUM. 

This element was discovered in i860 by Bunsen and 
Kirchhoff * with the help of the spectroscope. The salts are 
readily dissociated in the Bunsen flame, and the chief lines of 
the metal are clearly visible; the more prominent are the two 
violet lines A. = 4215 and 4202, and the two red ones, A = 
781 1 and 6298. 

Arc and spark spectra : 

7950* 7811* 6298.7» 62o6.7» 5724.41* 5648.18* 4215.72* 
4201.98* 3591-74 3587.23 3351.03 3348.86 

RUTHENIUM. 

The arc-spectrum of this element has been measured by 
Rowland and TatnalP between the wave-lengths 2975-4200, 
the lines are all comparatively faint, especially the double 
ones. 

Arc-spectrum : 

4200.062 4080.757 3799.489 3799042 3728.173 3727.o73t 3499.095 
3436.883 3428.460 (3264.790 3264.688) (3254.834 3254.670) 

SAMARIUM. 

This element was termed by its discoverer, Marignac, Yft. 
The name samarium was given by Lecoq de Boisbaudran,' 
who subsequently, in common with Kruss and Nilson, con- 
sidered that it was a mixture (comp. didymium). 

» P. A. 113, 337. See also Kayscr and Rungc, A. B. A. 1890. Thal6n, 
N. A. S. U. (1868) [3] 6. Kirchhoff, A. B. A. 1861. Lecoq de Boisbaudran, 
Spectres lumineux (Paris. 1874). Bunsen, P. A. 166, 230. 366. Liveing 
and Dewar, P. R. S. 28, 367. 471. 

» Astrophys. Jour. (1896) 3. 288. 

« C. r. 89, 212, 516 ; 114, 578 : 116. 611. 674. See also Thalfen, Ofver- 
sigt K. Vetensk. Akad. Forhandl. (1881) 40, No. 7. Soret, C. r. 91, 378. 
Cl^ve Ofvcrsigt K. Vetensk. Akad. FOrhandl. (1881) 40, No. 7. 



* Visible also in the flame-spectrum, 
t Also Fe. 



SFMCrSA OF THE ELEMENTS. 



Spark-spectrum : 

5552.1 5516.0 5^^4 5 5466.5 545^*9 5368-5 534t.4 $2^3,0 

5273.0 5353.0 53*^1 -o 5175*4 5173^4 5117*8 5053-3 5044*8 49" -4 

48S44 4S48.0 4843,0 4816.0 4786.0 47^3' S 476q>5 4746.0 4793.g, 

4704.4 4674-4 4669.4 4649-3 4593'^ 4591-8 4567.S 4544.8 4538*3 

4534.8 4523.3 4520.3 4511-9 44<)8-S 4478.3 4467-3 4458.3 4454^7 

4453,3 4434*2 44352 442 1, a 4390*7 4347-6 4319- * 4*97-1 4it»^-6 
43S7-i 

SAMARIUM NITRATE, 

Absorp t ion-spec trum.* Position of the minimum of 
brightness: 

5797 5759 5588 5283 531 r 5005 43g3 (4S3B 471^0) 4684 4530 
4436 4090 

SCANDIUM. 

The discovery of this element was made by Nilson* 
Thal^^n ' measured its spark-spectrum, which consists of 
numerous lines; solutions of its salts do not produce absorp- 
tion-spectra. 

Spark-spectrum : 

6S05.0 6347.Q 6339.0 6210.9 6154.1* 6115, 9* 6T01.5* 60S0.1* 

6073.6* 6o65.i* 0OS&.O* 5700.5 5687,0 S672-O 5657.5 5641.0 

d5»7.0 5520-5 55 14- 5 5484-9 5481.9 5392*3 5356*0 5349-4 

5340.Q 5081. 8 5081.3 4744*0 4 74"- 4 4670,4 4415.7 4400.7 

4874.0 48S5.1 4820.0 4Sli.6 4249,1 



SELENIUM. 

The line-spectrum is obtained by passing sparks from a 
Leyden jar through a Geissler tube containing selenium 
vapor; with a feebler current a band-spectrum is produccdp 
Salet ' states that the former is also obtained by passing sparks 
between platinum electrodes which have been covered with 

' G Krllss and Nibon, Ber. 20, 3144* 

* Ofvcrsigl K, Vetcfisk. Akad. F^irhandU (1S81) 38. No* 6, p, IJ. Journ, 
de Phys. fa) 3B. 446^ 

> Spectroscopic {Paris, t888). A, c. p. (1873) [4] 28, 47. 

* Bands shading of! lowardi the red. 
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melted selenium, whilst he observed the latter in a coal-gas 
or hydrogen flame in which selenium was burning. Gernez ' 
has examined the absorption spectra of the vapors of selenium* 
selenious chloride, selenious bromide, and selenious anhydride. 
Spark-spectrum of the vapor: 

6055 6806 5272 5254 6226 6174 5142 6097 5093 4996 
4979 (4845 4841) 4764 4648 4604 

Band-spectrum: 

5871 5751 5621 5491 5371 5271 5166 5031 4951 4851 



SILICON. 

The earlier observers of the visible portion of the spark- 
spectrum of this element are Plucker,' Kirchhoflf, and Saiet.* 
In Rowland's* table of wave-lengths some lines in the arc- 
spectrum are given which are not mentioned by previous 
workers. Concordant measurements in the ultra-violet have 
been made by Hartley and Adeney,* and Eder and Valenta' 
of the spark-spectrum, and by Liveing and Dewar,*and Row- 
land of the arc-spectrum. 

Spark-spectrum : 
6366 6341 6981 5960 59-18.76 5772.36 

5708.62 5645.84 5057 5041 (4I3I.5 4126.5) 

4103.10 8906.67 2987.77 2881.70 2631.39 2628.60 
2524.21 2519 30 2616.21 2514.42 2606.99 2435.25 
2216.76 

* C. r. (1872) 74. 803, 1190. See also Mulder, J. pr. Chcm. (1864) 91, 
113. PlUcker and Hittorf, P. T. (1865) 166, 5. C. r. 73, 622. A. de 
Gramont. C. r. (1895) 120, 778. 

* P. A. (1859) 107. 531. 

* Spectroscopie (Paris, 1888). A. c. p. (1873) [4] 28, 65. 

* Astronomy and Astrophysics (1893) 12. 321. 

* P. R. S. 36. 301. 

* Denkschr. d. Wien. Akad. (1893) 60, 257. 

' P. T. 174, 222. See also Troost and Hautefeuille, C. r. (1871) 73, 920. 
Mitscherlich, P. A. (1863) 121, 459. Ciamician, Wien. Ber. (1880) 82. 435. 
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SILVER- 

The spark-spectrum of silver has been measured* in the 
visible portion, by Kirchhoff,' Thal^ti,' Huggins/ and Lecoq 
de Boisbaudran,* and a part of the ultra-violet by Hartley 
and Adcney. Lockyer," and Livcing and Dewar* only 
observed a few lines in the arc-spectrum, which was accurately^ 
measured by Kayser and Rungc/ They obtained the spec- 
trum by volatilizing silver, or crystals of silver nitrate* in the 
carbon arc. Silver electrodes could not be used, as they at 
once melted, probably on account of their high conductivity 
of heat. The spectra of the arc and spark differ considerably. 
The brighter lines in the following table are only present in 
the latter; but ThaMn, Huggins^ and Hartley and Adeney 
observed a number of fainter lines, which are also absent from 
the arc-spectrum* 

Spark and arc spectra: 
5633. S47'-7^ 5465 66 5209.25 4669.70 4476' 39 4311. i 405^.44 
3981.87 SSSS.Oa 3280. SO 3130.09 2938. 4a 3824^50 2575*70 23T&.1 



SODIUM. 

Some of the sodium lines are obtained with extraordinary 
ease, particularly the />-Unes and the less refrangible ultra- 
violet ones. The /?*lincs with a low dispersive power appear 
as one, and the particles of sodium chloride present in the air 
are sufficient to cause their production. This fact has exer- 
cised some influence on the development of spectrum analysis, 

* A. B. A, 1861. 

< N. A. u. risfts}^] 

' P, T. 11164, p. 139. 

< spectre*; Inmmeux (Paris, 1874)* 
« P. T. 0^74) 164, Sos. 

* md. (1884) I'JS* T<39* 

^ A- B. A. 1893. See a)so Mascarl, Aon. de ]* Ecole normale (1866) 4 



* VUlble only in the spark-spectrum* (Thal^n.) 



as the universal occurrence of the lines could not be ex- 
plained until Swan,' in 1856, pointed out their origin. 

The reversal of the sodium lines was the first observation 
leading to the formulation of Kirchhoff's law of exchanges, 
on which spectrum analysis may be said to be based. 

Arc and spark spectra:' 

8200.3 BjSB.a 6160.97 6154.43 [z>i] S»M.ift* 

568B.43 5683.8a 5153-7^ 5M9^19 49^3^53 4979-30 

3303.07 3302.47 2853,91 2680,46 

STKONTIUM. 

Mitscherlich obtained the line-spectrum by the use of the 
oxyhydrogeti flame; it is also produced by the passage of 
sparks through a solution of the chloride, but the best effects 
are given by the volatilization of the chloride in the electric 
arc. This was the method employed by Kayserand Runge/ 
In the Bunsen flame the strontium haloid compounds chiefly 
exhibit their individual spectra, together with the band-spec* 
trum of the oxide, and the blue line, X = 4607.5, of the 
metal. 

* T, E, (1857) 21. 

* Kayscr and Runge, A. A. 1890. Bunsen and Kircbhoff* P. A* 110^ 
167. Kirchhoff, A. B. A. 1861. Atifield, P. T, 221. Rutherfurd! 
SiUiman's Jouro. [2] 35, 407. Hugifiris, P. T. 1864. p. 139. Wolf and 
Diacon, C, r. S5, 334. MUUer. P. A. llS, 641. Thalfen, N. A. S. U. (1868.^ 
[3] 6, Lecoq He Boisbaiidran* Spectres lumineux (Paris, 1874)* Lockycr 
R R. S. (iSvg) 29. 140. Cornu, Spectre normal du solcil (Paris, 1881). 
Bufisen. P. A- 155. 366. LWeing and Dcwar, R R. S. 28, 367, 471 ; (1879) 
29, 3^)8. 402. E. Bccqucrel, C. r, 94, i^iS ; 97* 72* De Gramoni, C. r. 
{iBq61 122. i4iTi 1443^ 

' A. B. A. 1891, See also Hansen aiid Kirchhoif, P. A. 110, 167. 
Kircbhoflf, A. B, A. 1861. MUller, P, A. 118* 641^ Huggins, P. T. 1864. 
p. I3Q. Masrart. Annates de TEcole ndtmale (r866) 4. Thal^n, N* A, S, 
U. [nm [i\ 6. Lockyef. P. T. 163. 639 : 164. 311* E. Becqucrel, C r. 
96. T2tS : (18831 97, 7a. Livcifl^ and Dewar, P. T. 174, 217. Rydberg. 
A» {1894) S2, lit). 

* Visible alsQ in ihe flame-spectrum. 
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Arc and spark spectra: 





6408.65 


63S6.74 


5543^49 


554023 


5535'0« 


5522.02 




5486.37 




5451^08 


3237.13 


3233.76 


5229.52 


5225.35 


5222.43 


51«e 37 


4968.1 1 


4932.43 


4S92.20 


4876.35 


4872.66 


4868.92 


4555^37 


4B32J3 


4312.01 


4784*43 


474307 


4722.43 






453' 54 


4433^22 


4361.87 


4338- 00 


4305,60 


42l5.Sa 


4161.95 


4077.38 


4030.45 


3705,83 


3547.9 a 


4399.40 


3475 01 


3464 58 


33&o.8y 


356O.43 


3331.35 


3330^15 




3307.84 


3301.81 











STRONTIUM CHLORIDE/ 

Flame-spectrom: 

6730 6599 6351 



STRONTIUM oxide/ 

Flame-spectrum : 

6S63*St ^"747* 2 1 6628I 6499! 6465 1 (6060 6632) 4007,3 

SULPHUR- 

Sulphur exhibits both a line- and a band -spectrum; the 
former was first observed by Seguin,' who passed sparks 
through a mixture of hydrogen and sulphur vapor; Pliicker 
and Hittorf * volatHixed sulphur in a Geissler tube, and em- 
ployed sparks from a Ley den jar, This general method is 
still in use; it suffers from the disadvantage that powerful 
sparks under a low pressure are apt to decompose any sulphur 
compounds in the glass, and so give rise to the sulphur- 

' MkschcrJkh. P. A. 131, 459. Lecoq de Boiabaudrati, Spectres lumi- 
tieiix (Paris, 1874K Hunseti. P, A, (1875) 163, 230. 

* Lecoq de Boisbaudran, Spectres lumineux (Paris , 1874)* Edcr and 
Valenia, Denkschrtfeen Wiener Akad. (1893) GO, 473. 

» C. r, (1S61) 63, 127. 

* R T. 166, 13. 

* Blue Une visible also in the Dfime-spectriim. 

^ Bands sharply bordered towards the red| shading aST towardi the 
violet. 

% Middle of a band. 
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spectrum when it is not desired* The band-spectrum is 
obtained by the passage of feeble sparks through a Gcissler 
tube containing sulphur vapor. Salet * produced it by vola* 
tilizing sulphur, or one of its compounds, in a hydrogen 
flame, cooled by allowing it to impinge on a plate of metal or 
marble, on to the other side of which a stream of water was 
directed. This spectrum was mapped by Salet, and by 
Pliicker and Hittorf, but the observations are limited to the 
visible region, and are too inaccurate to show more than the 
existence of the bands. The flame of burning sulphur 
exhibits a continuous spectrum which extends far into the 
violet. 

Line-spectrum: 

5660.7 5640.3 5604.9 55^2.4 55<>a^3 5471 4 545 IJ 5439*0 5430.7 
5342 6 5d20.1 5215.4 SM3'3 5 105.7 5039.3 5013.5 4<^4.7 

4g26.o 4919.4 49^2. B 4^^5.4 4816,6 47IS.S 4552.3 4525.5 4485.^ 
4404.7 

Band-Spectrum. ' Bands sharply bordered towards the 
violet I but shading off towards the red (Salet): 

5366 5221 5191 5089 504' 4991 494^ 4841 4796 4%^ 4^>r6 4471 

TANTALUM, 

The lines of this element were too feeble for Thalen to 
measure* but Lockyer* observed eighteen of them in the arc- 
spectrum between X = 4000 and 3900. 

TELLURIUM. 

The line-spectrum of tellurium is obtained by passing 
sparks between electrodes of the element, and has been meas- 

^ A. c. p. [4] 28. 37. C. r* (1869) 6S, 404. See also Hftsselberg, BulL 
Acad, imp, St, P^tcrab. (1880) 11, 307. Astronomy and Astrophysics (iS^j), 
13» 347- Mulder. J* pr, Chetti. (1864) 91, 112. Ditie, C r, 73. 559- Lock- 
yer, P. R. S. 22, 374. Gerne2» C (1872) 74, 803. Atigstrain, R A. 137, 
500, C. 73, 368. Ciamician, Wicn, Ber, 77, 839 ; 83, 425. Schustrr, B. 
A. R. iSSo, p, 272- Ames, Astronomy sind Astrophysics (1893), 12. De 
Qfamont. C. r. (1896) 122, 1326, 

* Salet, A. c. p, [4] 28» 37. C, r, (1S74) 79. 1231, 

' R T. 173. s6t. 
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ured by Huggins/ and Thal^n ' in the visible re^'on, and by 
Hartley and Adeney ' in the ultra-violet. Salet * produced a 
band-spectrum by passing a discharge through a Geisslertube 
of hard glass containing tellurium; to facilitate heating, the 
tube was covered with metal. The spectrum consists of 
bands in the red, and channelled spaces in the green and 
blue; they arc sharply bordered towards the violet, and shade 
off towards the red. The same spectrum is produced by 
volatilizing tellurium in a hydrogen flame* Gernez * investi- 
gated the absorption-spectra of tellurium chloride and bro- 
mide; they consist of channelled spaces, the former in the 
green and orange, the latter chiefly in the red and yellow. 
Spark-spectrum : 



64312 


"6047.2 


6013.7 


5974.1 


5936.3 


57S3.0 


S7»ej 


670T6 


5S4S i 


55751 


5489,1 


5478.5 


5448*5 


5367.1 


5311.0 


531 5. 2 




5104.9 


4303. 1 


4275-0 


4260.4 


423J.7 


4063.0 


4054*9 


4006.7 


39^4* S 


3969 3 


3948.7 


3S4t 9 


3736.1 


3726,7 


(3650.0 


3645.1) 


3617.8 


355^-4 


3520.9 


349^-9 


J456-7 


3441.9 


3409.2 




3364 1 


3354-6 


3331-3 


3309*3 


(3282 


S275 8) 


3258.2 




3107.9 


3073*1 


3046.4 


3017.0 


2966.5 


294 1 , 3 


(2894*7 




(3S6S.1 


2S60.4 


2857,4) 


(2845.3 


2S40. 4 


23a3.6) 


279^*3 




2766.9) 


2710.6 


(3697,0 


2694.5) 


2635,1 


3544.1 


2539. s 


2505.6 


2409.0 


2473.6 


(244B.3 


3438.4) 


(24(3*7 


3411.8) 


(3404.1 




(m6 7 


23S4 2) 


2370.7 


2359.0 


(3332.4 


2335 9) 


2321*4 






(2381,0 


3377.6) 


(3266.6 


336 r.o 


2257.0) 


3350.4 


<aa48.4 


2147-7) 


3343*7 


3319.7 


(331 1.6 


3309.9) 


(2192,6 


3190.1) 



2179,6 

THALLIUM, 

Thalhum salts, heated in the Bunsen flame, exhibit the 
characteristic green line of wave-length 5350*65, The visible 
portion of the spark-spectrum has been investigated by 

* P, T. 1&64, p. 139. 

* N, A. S. U. (t86S) \<\ 6 (w.-l. 6438.2-5104.9)* 

* R T* (1883) 17fi, 63 (w.-U 4302.1-2179.6), 

* A, c. p. [4] 29, 49. C. r* 73. 743, Spectroscopic (Paris, |8S3)* 

* C, r- 74» 1190. Sec also Dine, ib^d, (1S73) 73, 633. 
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Huggins,' and Thal^n,' the ultra-violet region by Hartley and 
Adeney,* and Cornu.* The arc-spectrum has been measured 
by Liveing and Dewar/ and more recently by Kayser iand 
Runge,* who usually obtained it from the metal, but occa- 
sionally used the chloride; they photographed it between the 
limits 630/i/i and 210/i/i. The numerous lines in the spark- 
spectrum between and soo/i/i are almost all absent 
from the arc-spectrum. With the exception of the green line 
at 535/^/^, and a faint line at 553/^/^, the rays of thallium^ 
which are powerful, consist wholly of ultra-violet light. 
Arc and spark spectra : 

594S.7* 5350.65t 5153-6* 5079-4* 5053-9* 4982.5* 4736-5* 4"0.2* 
3933.4* 3775.87 3529.58 3519.39 3229.88 2921.63 8918.43 2826.27 
2767.97 2709.33 2665.67 2609.08 2580.23 2552.62 2379.66 2316.01 
2237.91 

THORIUM. 

The spark- spectrum of thorium has been measured by 
Thal^n;' Rowland" records, in his table of wave-lengths, 
several additional bright lines which he obtained with the arc* 

Spark-spectrum : 

5538.0 5446.9 5375-5 5350. 67t 4919.9 4864.5 4393.2 
4382.2 4281.6 4278.1 4273.1 3575.87^ 3529.55^ 3519.84^ 



> P. T. (1864) 164. 139. 

« N. A. S. U. (1868) [3] 6. 

» P. T. (1884) 176. 104. 

*C. r. (1885^ 100, 1181. 

» P. R. S. 27. 132. P. T. (1883) 174, 219. 

• A. B. A. 1892. See also W. A. Miller, P. T. (1862) 162, 861. Lecoq de 
Boisbaudran, Spectres lumineux (Paris, 1874). Crookes, P. T. 153, 277. 
P. M. [4] 26. 55. Bunsen, P. A. (1875) 165, 230. 366. Lockyer and 
Roberts, P. R. S. 23, 344. Ciamician. Wien. Ber. 76, 499. 

' N. A. S. U. (1868) [3] 6. 

• Astronomy and Astrophysics (1893) 12, 321. 



(Thal6n, Hartley and Adeney.) 
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THULIUM. 

This element was discovered by Cl^ve in 1879, and its 
spark-spectrum measured by ThaUn,' The oxide is hardly 
perceptibly volatile in the Bunsen flame, but exhibits a dis- 
continuous spectrum consisting of the bands A. = 6840 and 
4760; the former corresponds with the absorption-bands 
shown by thulium salts, and ThaMn describes an additional 
one at A ^ 4650, Kruss and Nilson consider that thulium ^ 
like other metals of the rare earths, is not an element (comp* 
didymium). 

Spark-spectrum ! 
5Q6a,s ^m^o 5306.6 5034.3 4733 9 4615. B 45aa.S 

4481.8 438^« 43<^'^ 424^.1 4204.6 4lSS,4 4^07*3 WS-I 

TIN, 

The spark-spectrum is obtained by the use of tin elec- 
trodes, or of a concentrated solution of a salt; it has been 
measured by KirchhofT,* Margins/ Thalcn;* and Hartley and 
Adeney the arc- spectrum by Liveing and Devvar,* and 
Kayser and Runge.' The spectra differ considerably in the 
visible region, the latter only contains two lines, but four 
additional ones are included in the spark-spectrum, which also 
contains more lines in the ultra-violet. Salet ' observed a 
band-spectrum of the oxide, and also a characteristic reddish 
yellow band at 6io/i/i, when the chloride is volatilized in a 
hydrogen flame; these results were confirmed by H, W, 
Vogel/ 

> Ofversigt K. Vctensk. FOrhandL (iSSi) 40. 

» A. A. (rS6t), 

■ P. T. (1864) IS*, 139. 

A. S. U, (iB6S)f3] 6. 
^ /i*U O884) 176. 104, 

• R T. (1SS3) 174, 219. 
' A. B. A. 1893* 

» A. c. p. (r873)[4l ^B, 68. 

• Prakl, Spectralanalyse (Berlin. tSSg). Se?e also Mascarc. Ann. de 
TEcole normaleUS^fi) 4, Lecoq BoishAudran. Spectres lumincux (Paris, 
JS74). Lockyer and Roberts* P. R, S. (1875) 23 » 344, 
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Spark and arc spectra: 



B46S.S* 


5799.0* 


5631.91 


6689.6* 


6668.6* 


4524.92 


3801.16 


3745. 7t 




335S.3t 


3330.71 


8988. 4t 


3262.44 


8176.19 


8084.91 


SOOO.M 


2913.67 


8868.41 


2850.72 


9840.06 


2788.09 


2779-92 


9706.61 


2661.35 


^8.3t 


8948.6t 


9681.9t 


2594-49 


«57i.67 


2558.IS 


2546.63 


253« 35 


2495.80 


2483.50 


9499.68 


9421.78 


2408.27 


9864.94 


2334.89 


9817.S2 


2286. 79 


2969.08 


2267.30 


2251.29 


9946.15 


2231.80 


9909.78 


9199.46 


2194.63 


2171.5 


2151.2 


2148.7 


9141.1 


2I2X.5 


2113.9 


2100.9 


S096.4 


2091.7 


2080.2 


2073.0 


2068.7 


2063.8 


2058.3 


2053.8 








TITANIUM. 









The arc and spark spectra of titanium are very rich in h'nes 
which, in the visible region, were measured long ago by 

o 

Thal6n,* Angstrom, Cornu,* and Liveing and Dewar.* Lock- 
yer* records twenty-four additional lines between A = 4000 
and 3900, and Cornu twenty-five between A = 3510 and 
3217. Hasselberg* has recently subjected the arc-spectrum, 
between D and X = 3450, to a thorough investigation. For 
its production he introduced a fragment of rutile into the 
hollow of the carbon anode. Rowland has identified many 
of the solar lines with those of titanium ; they are not all 
given in the list below, but are included in his table of 
normal lines in Chapter IX. 
Arc-spectrum : 

6261.3 6958.6 6222.o§ 62i5.2g 6i26.3g 6o98.6§ 609i.6g 6084.4^ 
^>5S§ 5999-88 5979.1§ 5966.5§ 5953.0§ 5922.7 5920.0 5899.56 

5866.69 5804.45 5786.21 5774.27 5766.56 5762.52 5739.69 5715.30 
5714.12 5702.92 5689.70 5680.15 5675.61 5662.37 5648.81 5644-37 

5565.70 (5514.78 5514.58) 5512.72 



» N. A. S. U. (1868) [3] 6. 

' Spectre normal (Paris, iSSi). Journ. de TEcole polyt. (1883) 52. 
» P. R. S. (iSSn 32, 402. 

* P. T. (1881) 173, 561. 

* Svensk. Vetensk. Akad. Hand. (1895) 28. No. i. Astrophys. J. (1896) 
3. 116 ; 4. 212. 

* Visible only in the spark-spectrum. (Thal6n.) 

f Visible only in the spark-spectrum. (Hartley and Adeney.) 

X 3^98.9 cor. (Watts.) 

g Visible in the spark-spectrum. 
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5504.10 
5369.8 r 

5210.5 s 

5120.60 
5036. lo) 

4975 Sa 
4870.38 
4778 44 
47»^-34 
4656.60 
4623.24 
4548-9:^ 
4533^42 
44B1.41 
4453-37 
4430*55 

4321.81 
4301,23 
4zg4,2S 
4282,85 

4ni.iS 
4i>3«86 
4024. 7 1 

398^91 
3930,03 
3900.68 
3869*47 
3822 16 
374^^9 

3654.72 

3S99'2S 
3505.02 



54.jo.33 
5297-42 
5236.70 
5193.15 
5*13.64 
503 5.7^ 
0007,42 
4928.50 
486S.44 
4759 44 
4698.94 
4650. [6 
4617.41 
4544 83 
4527-48 
4475-00 
445 3' 4S 

4395^17 
43 1 8- S3 
4300.73 
4291.07 

4331-49 
4 [63. Bo 
4082.57 
402 r.^ 
3964,40 
3926.48 

3895.43 
3S68.56 
3786.20 

37129-92 
3671.82 

3653. ai 

3598-^7 

3491,20 



5488.44 
5295.95 
5225.15 
518S.S7 
5087,24 

502 5. ^X) 

4921.90 
4856.18 
4758.30 
4693,83 
4645- 3^ 

4572 »5 
4536 25 
4523-97 
4471*40 
445t 07 
4426.24 
4394- 04 
4314^95 
4300,19 
4290.37 

4274.73 
4159,79 
407d.6l 
4013.71 

3962.98 
3914.67 
3883,02 
3 366. 60 
3771^80 
3735.28 
3669.08 
3646.32 
3S9^>*17 
3477^33 



(5482.09 
5283*63 
(5224.71 
5173^94 
5064.82 
5023.02 
4997*26 
4919,99 
4S41.00 
4742.94 
4691.50 
4640. 1 1 

4563 94 
4536.12 
4518.18 
446S.65 
444902 
4423.00 
436g.$2 
4314.50 
4299-79 
42S9.23 
4163.18 
4151. tt 
4060.41 
4009.06 
3958^33 
3914.45 
38S1.49 
3861.98 
376 r. 46 
3724.70 
3662.37 
3642. B2 
3547-iS 



5481.64) 

5166. 20 
5224*46 
5151.36 
5040, E 2 
5020.17 

4091.34 

4913.76 
4B20.56 

4731.33 
4681.03 
(41^39.83 
4555-64 
4535*75 
4513.SS 
4465.1)6 

4443*97 
4417.88 
4338,05 
4313.01 

4299 3^ 
4287.55 
4156. 1 S 

4137-39 
4055.18 

am. 77 

395^-45 

39*3-5S 
3881.18 
3859.36 
3759-42 
3722.70 
3660.75 
36414S 
3535.56 



5439-37 

5256.01 

5223.80) 

5147*63 

5038.55 

5016.32 

4989.33 

4900.08 

4799*95 
4723^32 
4675,27 
4639,50) 
4553-62 
4534.97 
4501.43 
4457-59 
4440,49 
44s 7-46 
4336.50 
4306.07 
4298.82 
4386.15 
4338.00 
4127.67 
4030.60 
3989.92 
3i>4S.8o 
3W95 
3875.44 
3S53.87 
3753.75 
3694.58 
3659-91 
3033.01 

353<*.53 



5409.81 
5251.16 
5219.88 
5145.6a 
(5036.65 
3014.40 
4981.92 
4885.35 

4793.<i5 
4721,77 
4307.70 
4629.47 
4549-79 
4534.15 
4489.24 

4455-48 
4434.15 
4404,43 
4335.30 
4302.08 
4295.91 

4385 15 
4186 27 
4123.68 
4026.64 
39S2.61 
3947*90 
3001.13 
3873.40 
3853, 18 
3753 00 
3690.04 
3658.24 
3610.29 
3510. 98 



TUNGSTEN. 



The spectrum of this clement is obtained by means of 
sparks from a Leyden Jar, and, in the visible regiont has 
been measured by Thal^*n/ In the arc-spectrum Lockyer* 
observed seven additional lines between \ — 4000 and 39OO. 



J N. A. S. U. (1665) [3] 6. 



» P. T. (iSSi) 173, 561. 
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Spark-spectrum : 

5734.1 5514.1 5492-6 5224.8 5071.4 506S.9 5058.9 
5014.9 5007.9 48S8.5 4848.1 4302.6 4295.6 4269.6 

URANIUM. 

Thal^n* measured the lines produced by the passage of 
powerful sparks from a Leyden jar through a solution of the 
chloride, and Lockyer* observed fifty-six lines in the arc- 
spectrum between A = 4000 and 3900. The uranium salts 
exhibit characteristic absorption-spectra, which have been 
investigated by H. W. Vogel,* Morton and Bolton,* and 
Zimmermann;* some of them are shown in the following 
chapter. The spectra of the uranic and uranous salts differ: 
the latter consists of a strong double band in the orange, a 
feebler band in the green, and a broader one in the blue; 
these are shown when a uranic salt is reduced by means of 
zinc and hydrochloric acid, and are not affected by the pres- 
ence of iron, chromium, cobalt, nickel, zinc, or aluminium 
(Vogel). 

Spark-spectrum: 

5914.1 5620.1 5580.2 5563.7 5528.1 5510.1 6494.6 
5482.5 5480.5 5478.0 5476.5 53S5.1 5027.9 47320 
4724.0 4543.9 4473.4 43(>4.3 4374-7 4362.7 4841.2 

VANADIUM. 

Thalen * has measured the spark-spectrum, and Lockyer 
has mapped fifty lines in the arc-spectrum between \ = 
4000 and 3900, whilst the region between \ = 4450 and 

» N. A. S. U. (1868) [3] 6. 

« P. R. S. 27. 280. P. T. (1881) 173, 561. 

• Prakt. Spectralanalyse (Berlin, 1S89). 

• C. N. (1873) 28, 47, 113, 164, 233, 244. 257, 268. 

• Zeitschr. Anal. Chem. 23, 221. See also Oeffinger, Inaug.-Diss. 
Tubingen, iS^)6. Siokes, P. A. Suppl.-Kd. (1S54) 4, 273. Hagenbach, P. 
A. fiR72) 146, 305. 

• N. A. S. U. (1S68) [3] 6. 

• P. R. S. 27. 2S0. P. T. (1S81) 173. 561. 
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4030 has been examinqd by Hasselberg * in his investigati6n 
of the occurrence of vanadium in rutile. 



Arc and spark spectra: 



6241.7 


6180.1 


a090.8 


6040.8 


5786.1 


5703.6 


5698.6 


5609. 1 


5627.1 


5623.6 


5415.4 


5241. 1 


5234.2 


48S1.9 


4875.5 


4844.1 


4594-30 


4586.55 


4580.59 


4577.36 


4545.81 


446<J.87 


4462.53 


44to.39 


4459-98 


4452.17 


4444.40 


4441.90 


4438.01 


4416.65 


4408.65 


4408.40 


4407.90 


4406. 85 


4400.75 


;3y5.4o 


4390.15 


4384.90 


4379-42 


4353.05 


4341.15 


4333. "o 


4330.15 


4271.80 


4268.85 


4134.60 


4128.25 


41C3.65 


4116.65 


4115.65 


4115.30 


4112.00 


4109.95 


4105.30 


4100.00 


4095.60 



YTTERBIUM. 

The spark-spectrum of the ytterbia earths has been meas- 
ured by Thaldn;* no absorption-spectrum of the salts is 
known. 

Spark-spectrum: 

6281.9 6005.0 5984.4 5837.0 5819.0 5556.6 .6476.9 
5353.0 5347.4 53-15-9 5336.0 4936.0 4786.5 4725-9 

YTTRIUM. 

The spectrum measured by Thal^n * was obtained by 
passing powerful sparks through a solution of the chloride. 
Lockyer* observed twenty-six lines in the arc-spectrum 
between \ = 4000 and 3900. Rowland * considers it pos- 
sible that yttrium is composed of two substances, he 
includes the following ultra-violet lines in his table of wave- 
lengths; they were observed by means of the arc: 3950.50, 
3774.48, 37io.44» 3633-28, 3611.20, 3602.06, 3600.88, 
3584.66, 3549.15. Crookes* has described a phosphorescent 
spectrum of yttria. 

* Bishang tiU Svcnska. Vetensk. Akad. Handl. (1897; 22 Afd. I. N0.7 ; 
23. Afd. I. No. 3. Astrophys. Jour. (1897) 6, 194 ; 6, 22. 

» Ofvers. K. Vetensk. Akad. F«rhandl. 1881. 

* Cm spectra Yttrium, Erbium, Didym Och Lanthan, (Stockholm, 1874). 

* P. T. (18S1) 173, 561. 

* Astronomy and Astrophysics (1893), 12, 321. Johns Hopkins Univ. 
Circulars • 1894), 13, 73. See also Bunsen. }\ A. 166, 366. 

* P. T. 174, 891. A. c. p. [6] 3, 145. P. R. S, 36. 262: 38. 414. 
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Phosphorescent spectrum of 5rttria: 

Bands: 6676.7 6180.7 W87.9 549S*4. 5400.5 48«5-7 4323-6 

Spark-spectrum : 

6614.0 6435.5 6191.4 6181.9 6164.5 6150.1 6ISI.9 6019.5 

6009.5 6003.5 6987.4 6668.0 5605.6 5577-1 5545-6 5544-1 

5527 5 5521.0 5510.0 6497.0 54804 5473 9 5466.9 6408.0 

6806.0 6800.6 5123.3 51188 6088.8 4881.9 4866.0 4643.8 

4527.3 4422.7 4874.6 4809.6 41 77-1 4167.7 



ZINC. 

The spectrum of zinc has been measured by KirchhoflF/ 
Huggins,' Thal^n/ Lecoq de Boisbaudran, Mascart/ Cornu,* 
Lockyer,* Liveing and Dewar,' Hartley and Adeney," Ames,* 
and Kayser and Runge." The last observers volatilized the 
metal or chloride in the carbon arc. The spark-spectrum 
differs considerably from that of the arc, probably on account 
of the higher temperature of the former. 

Spark and arc spectra : 



6368.7"^ 


6108.0* 


4924.6* 


4912.0 


4812.2 


4810.71 


4722.S6 


4680.88 


4630.06 


3345.62 


3846.13 


3303.03 


3302.67 


3282.42 


3075.99 


8072.19 


8086.98 


3018.50 


2801.00 


2771.05 


2770.94 


2756.53 


2712.60 


2684.29 


2670.67 


2608.65 


2582.57 


2570.00 


2567.99 


2558.03 


2542.53 


2516.00 


2491.67 


2246.90 


2138.3* 


2099. if 


2073. 7t 


2061. 3t 


2024. 6t 









> A. B. A. 1861. 

« P. T. (1866) 164, 139. 

» N. A. S. U. (1868) [3] 6. 

• Ann. de TEcole normale (1866) 4. 

» J. de phys. (1881) 10, 425. C. r. (1885) 100, 1181. 

• P. T. (1873) 163, 253. 639. 

^ P. R. S. 29. 402. P. T. (1883) 174, 205. 
» P. T. 176, 63. 

• P. M. (1890) [5] 30. 33. 
'0 A. B. A. 1891. 



* Only in the spark-spectrum (Thal6n). 
f Only in the spark-spectrum (Corun). 
\ Only in the spark-spectrum (Ames). 



SPECTRA OF THE ELEMENTS, 173 
ZIRCONIUM. 

The visible portion of the spark-spectrum has been meas- 
ured by Thal^n,* who passed powerful sparks through the 
chloride. Lockyer * observed twenty-three lines in the arc- 
spectrum between A, = 4000 and 3900. 

Spark-spectrum : 

6344.8 6311.3 6141.8 6133.7 6128.1 5350.5 5191.7 
4816.1 4778.1 4739.5 4710.6 4687.5 4155.7 4149.7 

> N. A. S. U. (1868) [3] 6. 

' P. T. (1881) 173, 561. Sec also Troost and Hautefeuille. C. r. (1871) 
73, 620. 



CHAPTER VIII. 



ABSORPTION-SPECTRA. 

An attempt to treat absorption-spectra in the same 
systematic manner as emission-spectra is attended with con- 
siderable difficulty. The latter have in many cases been 
thoroughly investigated, and all the lines measured on a 
uniform system of wave-lengths, but observations of the 
former are almost exclusively confined to the visible region, 
although some investigations of the ultra-violet and infra-red 
regions have given very promising results. Many of the 
observations have been made by the help of instruments 
unprovided with measuring appliances, or, when these were 
present, only arbitrary scales were employed. The majority of 
observers omit details of the concentration of the solutions, 
and of the thickness of the layer of liquid, so that the results 
plotted as curves are not comparable with one another. Kruss* 
method of determining the minimum of brightness is perhaps 
well adapted to give results meeting the above conditions, but 
hitherto it has not been generally employed. Some of the 
problems which have arisen during the later development of 
spectroscopic work should be capable of solution by the study 
of absorption-spectra, but this can only occur if the investi- 
gations are conducted on a totally different plan, and the 
greater portion of the work hitherto accomplished must be 
repeated.' 

' Comp. Hasselberg, K. Svenska Vetensk. Akad. Handl. (1891) 24. 



ASSQRP TWN'SPECTEA . 



These criticisms are not intended to imply tliat the study 
of absorption -spectra has been entirely lacking in important 
results; the weighty and thorough investigations of the solar 
spectrum which belongs to this class of spectra* and is treated 
separately in the following chapter, would of themselves be 
sufficient to prove the contrary. In addition numerous im- 
portant observations have been made in various other direc- 
tions; some of those referring to inorganic substances arc 
mentioned in the preceding chapter. In the majority of 
instances, although the results have some value as preliminary 
observations, they lack the degree of accuracy attainable at 
the present time, and arc of such unequal value that they 
can scarcely be included in a work such as this, where 
detailed criticism would be out of place, whilst the redrawing 
of carves on a uniform scale instead of the arbitrary onesp 
would introduce fresh sources of confusion and error. 

The account given in the following pages will be restricted 
to a record of the laws deducible from the results of ob5cr\^a- 
tions: further details can be obtained by consulting the 
original memoirs, or IL W, VogePs Praktische spectral- 
analyse/* Berlin, 1889, which contains numerous illustrations 
of absorption^spectra. 

To £how the method usually adopted for the graphic re- 
cording of the results, a table of some well-known absorption- 
i^pectra is given in Fig, 41. The spectra of inorganic com- 
pounds include those of salts of chromium, copper, cobalt, 
iron, manganese, nickel, and uranium, whilst the organic 
compounds are alimrin, aniline blue, chlorophylU cosin, 
fluorescein, fuchsin (magenta), indigo, malachite green, 
methyl violet, purpurin, quinoline red, safranine, and blood 
in aqueous solution, both alone, and after treatment with 
reagents; these are useful for the identification of blood- 
stains, and for the diagnosis of carbon monoxide poisoning. 

Absorption by Gases and Liquids. — ^The laws of the 
absorption by gases have been discussed in Chapter VL The 



i;6 



TABLE OF ABSORPTION-SPECTRA. 
C D Eb F O 




Ctiromc laluin (violet) to water. 
Chrome aluiii(grceEi) iriWAte^. 
Ferric ctilurtde in water. 
Tcrric ibiocyatMKc in eLlicr. 
Cobak cUluncic i&o|jdJ« 
Cuba.lt chtcaride ia alectliol. 
Cubdk chloride in waiter. 
Ciipric !m1phatc. 

pDtassiuiB pennangsuimtc la 
wMtcr. 

Nickel chloride m WAcer, 
Ursmium nitrate m water. 
Uf^iioua sAk ID water. 
Alifortn m stilphuric acid, 
Aaihnc blue soluble in %<irEiCcr. 

BJood, Oxyliafmog'iDbja, 

Blood. Osiyluemogiobin. re- 
duced 

Blood. Hfcm^tin in Uot 

CO hoi. 

Blood. Hjemaiin in cold ml* 
cohol. 

B^ood^ H^matin in akc^Hol 

and ;im[non.ii)m sulphide. 
8If>Hl. (';irbDn maauaide 
hsmoi^lubin. 

Quinnhne red in alco^oL 

ChlGrDpby]1(fre&b1 In alcoboL 

Ko«in tn alcotiol. 

Fluore^cf^ln m alcofaol. 

Puchmifi in alcohol. 

Indtiro in sulphuric acid or 

chloroform- 
Malachite green. 
Methyl violet. 
Furpuria in tulphuric a^id. 

Safranme salt with i eqiiiv. 
of mcid. 

Safranine lalt mth s equiT^ 

of acid. 



Fig. 41. 
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absorption by liquids differs, as Ostwald ' has shown, accord- 
ing to whether or no the substance is a salt* In the case of 
colored bodies other than salts, the color is a constitutive 
property, as is well exhibited in the case of organic dyes/ 
Every change in the molecule produces a definite alteration 
in the absorptive power, so that variation in the absorp- 
tion is correlated with change in the molecular condition 
(Stengerj- The absorptive power of salts in dilute solution is 
purely additive, and is the resultant of the sum of the color 
of the ions. 

Different Salts of the same Colored Base or Acid — 

The first systematic investigations of the absorption-spectra 
of different salts of the same acid were made by Gladstone;* 
his results show that, in genera!, a base or acid retains its 
absorptive power in its compounds. Arrhenius' electrolytic 
dissoci tion theory indicates that aqueous salt solutions 
become more dissociated as the dilution increases, until a 
limit is reached at which the properties become wholly addi- 
tive, and are the sum of those of the ions, Ostwald has 
tested this theory by an examination of the color of salt solu- 
tions* The absorption-spectrum of a salt, in a solution of 
infinite concentration, would be rather complex, as the solu- 
tion would contain at least three constituents, viz., undecom- 
poscd molecules, and the two ions; the spectrum would 
therefore be compounded of three distinct absorption-spectra^ 
the relative intensity of whicli would be proportional to the 
quantity of each constituent present, and the undecomposed 
molecules might exist in aggregations of varying degrees of 
complexity. With this property, as with all others, increas- 



^ Ueber die Farbe der foneti. AbhacidL K. sflch. G». d. Wissenschi 31. 
Eehschr. phys. Chem, (tSSg) 6at ] (iS^s) 9» 72^, S79* Compare also MAg' 
nanini, Zeii^chr. phya. Chetn. 12, 56* Knoblauch, W* A, (iSgi) 43, 738* 
Wagner* Zcitschr. phy*» Chem. 13, 314- Ewan. P. R. (1895) 67« 117. 

* Stcnper. W. A. (iS98) 33, 577. 

" P. M. {1857) 14,418. 
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ing dilution causes simplification as the molecular aggfregates 
are resolved^ unttl a liinit is attained at which the phenomena 
are caused solely by the ions. The spectrum of a highly 
dilute salt solution is therefore the sum oi the spectra of its 
ions- The matter may be further simplified by selecting 
compounds with one colorless ion, i.e., one that exerts no 
absorptive power on the particular region of wave-lengths 
under examination. Hence it follows that in highly dilute 
solutions compounds of a particular colored ion with any 
colorless ones must give identical absorption-spectra; this is 
in accordance with Kundt's rule, and apparent exceptions 
appear to be all due to secondary influences, Ostwald has 
photographed the absorption-spectra of about 300 salts, 
including those of the following substances: permanganic 
acid J fluorescein, eosin, iodeosin, tetrabromorcinolphthalein, 
dinitrofluorcsceTn, rosoUc acid, diazoresorcinoi, diazoresorufin 
(resorufin)i chromium oxalates, safrani nes, rosanilines, aniline 
violet, chrysaniline, and chrysoidin. All th*" compounds 
investigated conformed with the above rule; apparent excep- 
tions were observed in the case of certain feeble acids or 
bases, the salts of which are hydrolyzed, but the addition of 
excess of the base or acid overcame this divergence, and the 
behavior of the solution was then normal. Some salts are 
insoluble, and therefore not dissociated; these also are appar- 
ent exceptions. Occasionally the salt forms visible deposits 
of a colioYdal nature, but if the dilution prevents this, a 
determination of the electrolytic conductivity will immediately 
establish the absence of dissociation. 

Relationship between the Molecular Structure and the 
Absorption-spectrum, — Many investigations have been made 
to determine the influence of chemical compo!^ition on the 
position of the absorption-bands; a number of regularities 
have been observed, particularly in the case of organic cam- 
pounds, but no law of general applicability has been formu- 
lated. 



Absorption in the Visible Portion of the Spectrum. — 

The primary object of the earlier workers was the ^^eneral 
investigation of the spectra, rather than their relationship to 
the chemical constitution of the compounds. The chrysoYdins 
weie the first dyes, the color of which could be changed at 
will from pate yellow to red by the systematic introduction of 
variouri groups; these, and other azo-dyes of known constitu- 
tion, were examined by Landauer;' the spectra obtained were 
not very sharp, but it was shown that the absorption-bands 
undergo a marked change when the hydrogen in the amido- 
group is replaced by methyl. G. Kriiss investigated indigo ' 
and fluorescein ' derivatives, and arrived at the following con- 
clusions* The substitution of hydrogen by methyl, ethyls 
mcthoxyl, carboxyl, or any group which increases the per- 
centage of carbon in the compound, causes the absorption- 
bands to approach the red ; the effect of bromine is similar. 
The minima of brightness approximate towards the blue if 
hydrogen is replaced by the nitro- or amido-groups; the dis- 
placement increases as the number of substituting groups 
rises, and, if the groups are identical, it is proportional to 
their number. Kruss* rule» except the proportional displace- 
ment, was confirmed by Liebermann and Kostanecki 'in the 
case of methylated hydroxyanthraquinones, and by Bernthseo 
and Goske * in that of dimethyl- and diethylthionine. The 
latter workers observed that the introduction of two methyl 
groups produces a displacement of about 20^/1, the change 
caused by two additional methyl groups being about 45 
E. Vogel* subsequently proved that the proportional displace- 
ment of the absorptton-bands is the exception instead of the 

* Ber. (iBSr) 14, 3<ji. 

* G. Krtlss and S. OccotiPtnides, IMd, (1883) 16, 2051. 

* md. (laSs) 18. 14^6. 

* IHd. {lUh) 19, 2327, 

» Ibid. (18B7) 20, 024. See also Bernihsen. Studium In der Methylene- 
bJaugruppe. Licb. Ann. (iSSg) 230, 73. Goske, Inayg,-Di5s. Zurich, 1887, 

* W. A. (1S91) 43, 44q. 
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rule; in the eosin compounds the displacement depends both 
on the number and position of the substituting groups. In 
aqueous solution the displacement varies according to whether 
the substituting group enters the phthalic acid, or the resor- 
cinol nucleus. Influence is also exercised by the position, in 
the phthalic acid radicle, of the substituting group, if any, 
and also by the solvent employed. H. W. Vogel * had 
previously shown that the extent to which the absorption- 
bands are displaced is intimately related to the position of the 
substituting group in the molecule. He investigated methy- 
lated azo-dyes in concentrated sulphuric acid solution. 
Grebe" worked on the same subject, and examined more than 
a hundred azo-dyes; his conclusions are as follows: In sul- 
phuric acid solution the absorption-bands of the azo-dyes 
approach the red as the content of carbon increases. Hy- 
droxyl- and amido-groups act in a similar manner; constancy 
in the position of the radicles produces a constant displace- 
ment of the bands; thus if hydroxyl is introduced into the 
naphthalene molecule, the a-compounds exhibit bands which 
are always about 20/^/i nearer to the red than those of the 
isomeric /^-derivatives. The sulphonic group produces a dis- 
placement in the opposite direction; it is almost constant, 
and approximates to 40pipi; the bands are more clearly defined, 
and the influence of the position of the group is also nearly 
constant. 

In connection with the relationship between color and 
absorption-spectrum Schiitze's' theory of dyes may be men- 
tioned. A study of physics shows that the mixture of colors 
composing the solar spectrum appears white because each 
color has an equally strong complementary color; these 
neutralize one another, and produce on the eye the effect of 
whiteness. If a color is abstracted from the spectrum by 



' Sitzungsber. Berl. Akad. (1887) 34, 715. Ber. 21, 776c. 

» Zeitschr. f. phys. Chem. (1893) 10, 673. Bcr. (1893) 26, 130c. 

* Zeitschr. f. phys. Chem. (1892) 9, 109. Meyer's Jahrb. 1892, p. 11. 



absorption, the issuing light will be tinged with the comple- 
mentary color. Many colorless substances exhibit absorption- 
bands in the ultra-violet ; the introduction of groups which 
displace the bands towards the red (*' catho-chromic groups ") 
first produces absorption in the violet, and the substance con- 
sequently assumes a greenish yellow color* ** Hypsochromic 
groups " displace the absorption-bands towards the violet, and 
their introduction causes the opposite effect ; such groups are 
not numerous. This explanation is in accord with the em- 
pirical rule^ etmnciated in 1877 by Nietzki, which states that 
the simplest dyes are greenish yellower yellow ■ as the molec- 
ular weight increases, the color changes successively to orange, 
red, violet, blue, and green/ In the case of analogous 
elements a rise in the atomic weight also produces an increase 
in the depth of the color; an example is furnished by the 
fluorine group: this element is light greenish yellow, chlorine 
is a deeper greenish yellow, bromine red, and iodine violet. 
Experience shows that the color of many organic compounds 
is dependent on the presence in the molecule of certain groups, 
such as the azo-group in the azo-dyes; this suggests that 
these complexes are probably the active agents in producing 
the absorption of light by the molecule, and that change in 
the color caused by substitution is due to influence exerted 
by the substituting radicles on these groups/ This view was 
first developed by O. N. Witt,' who applied the term 
chromophore to the group producing the color; since the 
influence of a substituting group on the chromophore will be 
stronger the nearer their positions approximate in the mole- 
cule, the theory affords a prospect of determining the relative 
distance of the groups by spectroscopic measurement. SchQtze 
examined certain azo-dyes, and found that the relative dis* 
lance of the atoms in the molecule indicated by the structural 



» Comparr Hariley. J. Chcm. Socy, (1887) 61, 152. Ber, (18S;) 20, 131. 
* Ihiii. (1 876 J 9, 52a. 
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formulse of the compounds corresponded^ on the whole, with 
the spectroscopic measurements- 
Spring/ using extremely thick layers, observed that 
''colorless" organic compounds exhibit spectra free from 
absorption-bands if their molecules consist of carbon chains 
about which the heterologous atoms or groups are equally or 
symmetrically divided* Concentration of the atoms or radicles 
at one end of the chain causes the appearance of absorption- 
bands* The number of the bands appears to be directly 
related to the number of the hydrocarbon radicles present in 
the compound ; their position is apparently determined by the 
nature of each group, but if two of these are very intimately 
linked, the combined influence causes a change in the position 
of the corresponding bands, which may even merge into a 
single one. 

Absorption in the Ultra- violet — The relationship be- 
tween the constitution of substances and their absorption- 
spectra in the ultra-violet region was first shown by Soret and 
Rilliet/ and Hartley and Huntington,' The former examined 
the ethylic, isobutylic, and amylic salts of nitric and nitrous 
acids; these compounds are not well suited to investigations 
of this nature, as t:ie absorption is confined to one end of the 
spectrum I and does not include measurable bands, but their 
observations rendered it probable that the whole absorption - 
field is displaced towards the red if a hydrogen atom is 
replaced by methyl. Hartley and Huntington* obtained 
more definite results, showing that the normal fatty acids 
have a stronger absorptive power for the refractive rays of the 
ultra-violet region than the corresponding alcohols, and that 
increase in absorptive power in this part of the spectrum is 
correlated with increase in the number of CH, groups in the 
molecule of the homologous alcohols and acids^ 

^Bun. Acad, roy Bdgiqtie [3] 33, 165* Chcm. Centralbl. (1897) fiS. 
1 1 14, 

*C, {1S79) 69, 747- 

* P. R. S. (1879) p. ^33^ T. (1879) no, as7* 
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Hartley/ partly in conjunction with Huntington^' has 
carried out further extensive investigations of the relationship 
between the absorption-spectra of carbon compounds and 
their molecular structure. The following is a summary of 
the results: The alcohols CnH^tj^,, ethers, and ethereal salts 
(esters) readily transmit the ultra-violet rays; methyl alcohol 
almost as completely as water; but the fatty acids absorb these 
rays to a greater extent than do the corresponding alcohols. 
None of the compounds examined exhibit absorption-bands. 
In the case of the alcohols and acids the absorption increases 
as the content of carbon in the compound rises, 

Benzene and its hydroxyl-, carboxyl-, and amido-derivatives 
have a high absorptive power for the ultra-violet rays, and in 
thin layers exhibit strong absorption -bands- The spectra 
of isomers differ both in the position of the bands and in the 
extent of absorption. In the cresols and dihydroxybenzenes 
the meta-dcrivative has the greatest, and the para-compound 
the least absorptive power, but orthoxylcne and parahy- 
droxybenzoic acid absorb more light than the isomeric 
compounds. The spectra of isomeric terpcnes differ; the 
compounds C,^H„ and C^^H^^ exceed benzene in absorptive 
powefp the former to a greater extent than the latter. Ab- 
sorption-bands are confined to compounds containing ben- 
zenoid carbon linkages* A simple linkage of caibon and 

_ nitrogen is insufficient to produce characteristic absorption of 

the ultra-violet rays. The substitution of a nitrogen atom for 
a CH group in benzene or naphthalene derivatives (pyridine 
or quinoline compounds) does not destroy the selective 
absorption-power, but this disappears if the benzenoid linkage 

r is destroyed by combination with hydrogen. The addition 

of four atoms of hydrogen to carbon atoms in the quinoline 

k 



ij. Chem. Socy. (18S2): (1885) 47,685: (1887)6!, %%\ 63,641. B«r. 
(1885) 18, 592; (1887) 20. 174; (iSSS) 21* 689. 

» P, R. S. 28. 233; (1879) 29. 290: (1880) 31. I. P. T. (1S79) 170* ^57, 
Bcr, (iS8i) 14, 501. 
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molecule only diminishes the intensity of the absorption- 
bands. 

Molecules consisting of dissimilar parts vibrate as wholes. 
The fundamental vibrations produce secondary, ones which 
do not bear any recognizable relationship to the chemical 
constituents. 

Hartley has also examined the carbohydrates and albumi- 
noYds, and has investigated the physical connection of these 
compounds with the soluble ferments. The spectra of egg 
albumin, serum albumin, and caseYn exhibit certain bands in 
common which are absent in the spectra of malt dtastaset 
yeast invertase, gelatin, starch, gIycoses> and saccharose, 
solutions of wliich are particularly transparent to the violet 
and ultra* violet rays. Tile albumins are thus shown to differ 
considerably from the ferments in constitution, and this 
accords with the difference in behavior shown by the com- 
pounds towards carbohydrates. 

Absorption in the Infra-red. — The influence of the atomic 
grouping of organic compounds on their absorption of the 
infra-red rays has been extensively investigated by Abney 
and Festing/ Hydrogen chloride shows a few lines, water 
lines and bands; ammonia, and nitric acid sharp lines* Many 
of these lines coincide, and can be referred to hydrogen. It 
is to some extent an open question why the hydrogen acts as 
if it were free, and produces a line-spectrum, but certain 
absorption-lines exhibited by hydrocarbons are coincident 
with some shown by compounds of hyrdogen and oxygen, or 
hydrogen and nitrogen, which are known to be due to hy- 
drogen. The behavior of oxygen varies according to whether 
it is in the radicle; if it links radicles, it produces a continuous 
absorption between two hydrogen lines. Oxygen in the 
radicle increases the sharpness of the bands, and causes them 
to be bordered by lines. 



) R R, S. 31, 4t6- (tBSt) 32, 25S. 
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Organic radicles are characterized by well-marked band- 
which chiefly occur between about joojjiu and looo/i/i; some 
have a distinct absorption at about 700/i/i, and a second in 
the neighborhood of but the characteristic absorption 

of the radicle is almost always in the former region. The 
ethyl group has an absorption at 742 /i/i, and a characteristic 
band between 892 /^/^ and The characteristic line of 

the phenyl group is at SSyju/i. A comparison of the spectra 
of ammonia, benzene, aniline, and dimethylaniline shows a 
very close coincidence, and proves how slight an effect is pro- 
duced by varying the mass of the radicles linked to the 
nitrogen atom. Abney and Fcsting were unable to demon- 
strate the presence of haloids in organic compounds by means 
of their absorption-spectra in the infra-red. 



CHAPTER IX. 



THE SOLAR SPECTRUM. 

The Fraunhofer Lines — The solar spectrum is the most 
complex of all absorption-spectra. It is permeated with a 
number of vertical lines which were first observed by Wollas- 
ton* in 1802, and investigated by Fraunhofer," after whom 
they are named. He prepared a drawing of the spectrum, 
which is reproduced in Fig. 42, and contains about 350 lines. 
The more prominent are designated by the Latin letters A to 
H. By means of accurate measurements Fraunhofer showed 
that the lines are constant both in relative position in 
the spectrum, and also in mutual distance. He observed 
that the spectra of the moon and planets are identical with 
that of the sun, but differ from those of Sirius and other fixed 
stars, so that the lines must originate in the sun and fixed 
stars, and not in the earth's atmosphere. In 1824 he proved 
the coincidence of the double Z>-line of the solar spectrum 
with that of the sodium-spectrum, but was unable to explain 
the origin of the dark lines. Nine years later Brewster* 
found that when the sun is low, so that the light traverses a 
considerable thickness of atmosphere, new lines become visi- 
ble; these are produced by atmospheric absorption, and were 
first accurately mapped by Brewster* alone, and in conjunc- 

o 

tion with Gladstone." Angstrom and others almost succeeded 
» P. T. 1S02, p. 365. 

^ Denkschr. d. Mlinchener Akad. 1814-15. 
» P. T. E. 1833. 

* P. M. [3] 8. 384. P. A. (1836) 38, 50. 
» P. T. (i860) 160. 149 
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in showing the origin of the lines, and this was finally accom- 
plished by Kirchhoff * in 1859, a consequence of the law of 
exchanges which he had recently formulated (comp. Chapter 
VI). The explanation of their origin offered a prospect of 
determining the composition of the sun and fixed stars, so 
that they at once received considerable attention. It became 
necessary, therefore, to measure the position of the Fraunhofer 
lines, and also those in the spectra of the elements, with a 
greater degree of accuracy than had been hitherto attained; 
this was done by Kirchhoff," who used a prism spectroscope, 
and consequently an arbitrary scale. Angstrom, in the prep- 
aration of his atlas of the solar spectrum which appeared in 
1868, made the measurements in wave-lengths, and, like 
Fraunhofer, employed diffraction gratings. His normal spec- 
trum included about 1000 lines, all based upon wave-lengths, 
and the atlas remained the foundation of all wave-length 
determinations for more than twenty years. The accuracy of 
his work was scarcely exceeded by the more extensive charts 
of H. C. Vogel and Mullcr,' Fi6vez/ Piazzi-Smyth,* Thollon,* 
and Young. Mascart,' Draper," and Cornu* have investigated 
the ultra-violet region of the solar spectrum; the scale of the 
chart and the wave-lengths of the last observer correspond 

o 

with those of Angstrom. Abney " photographed the infra-red 
region, and used his own special plates, which are sensitive to 

' Monatsber. Berl. Akad. V. 27, Oct. 1859. 
» A. B. A. 1861. 

• Publicationen des Aslrophys. Obs. zu Potsdam (1879), 1« 

• Annales de rObservatoire Royal de Bruxelles (1882) [3], 4; (1883) 6. 
» T. R. S. E. (1880) 29, 285: 32. 37. 233. 519- 

« C. r. 88, 80. Ann. de TObserv. de Nice (1890), 3. 
' Ann. de I'Ecolc normale sup. (1864) 1. 
" Sillim. Jour. 1873. P- A. (1874) 151. 

• C. r. 86. loi, 315. 530. Ann. de I'Ecole norm. [2] 3,421; 9, 21. 
Spectre normal du soleil (Paris, iSSi). 

P. M. [5] 6. 154: 11. 3-^- P. T. (1880) 171. 653: (1886) 177. W. A. 
Beibl. 4. 375; 5, 507, 509. Abney and Testing, P. R. S. 35, 80,324. W. A. 
Beibl. 8, 507. 
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these rays. The spectrum was at first obtained by means of 
prisms, but subsequently with a Rowland's concave grating. 
Lommel * has also photographed the infra- red Fraunhofer 
linesj and Langley' has investigated them by means of the 
bolometer (comp* Chapter V). Mascart and Cornu extended 
Fraunhofer's designation of the lines by Latin capitals up to 
U — 2948 Angstr6ms, and Abncy introduced the following 
signs for the infra- red; 



^f, 1^400 X, S8y6.i ^ ^^^^ 

«Pi laooo Jfi S56t,4 



Cftleulftted on 

AngsuOm*s scale. 



After Angstrom's death it was found that his determina- 
tions were about fi>V«r small in consequence of hts having 
used an incorrect metre-scale, so that new and more exact 
wave-length measurements became necessary; Mil Her and 
Kempf * made careful investigation of 500 solar lines, and 
almost simultaneously Rowland, in 1886, published the first 
edition of his photographic atlas of the normal solar spectrum. 
A superior and more complete edition* appeared in 1889, 
It consists of ten tables, each measuring 3X2 feet, and con- 
taining two spectrum sections. It includes the region between 
3000 and 6950 Angstroms, and the scale which is attached is 
correct to within less than 0,05 Angstrom. Photographs 
which are made by the sun itself are obviously superior to 
charts prepared by drawing and measurements. As an appen- 
dix to the atlas, Rowland * has published a table of the wave- 
lengths of numerous solar and metallic lines, the results of ten 
years' observations^ they have been determined by his coinci- 

* Comp. Chap. V. 

* snUm. Journ. [3] 36; M\ 31; (1SS6) Z2; (18S8) 36; (1S89) 3S. A. 
(iSaj) 19, 226. 384: (iSfi4) 22. Bcibl. 9. 335. 

» Publicat, Asirophya. Obs. zu Potsdam (1886) 6. 

* Photographic map of the normal solar spectrum. Baltimore, Md.» 
John* Hopltina Press. The prtce of the tables is |2.so> or §20 the 5et. 

* Astronomy and Astrophysics U&93)r 3^1' f. 08^4) [s] 3fi» 49. 
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dence method, and are exact within 0»oi Angstrom; in many 
instances the accuracy is within 0,001 Angstrom, i,e., 1 in 
5,000,000/' The value D, — 5896,156 is taken by Rowland 
as the basis of his tables (comp. Chapter VII), 

An exact knowledge of the position of the solar lines is of 
the greatest importance for the orientation of spectra, and for 
the determination of the constituents of the sun ; therefore in 
the following table Rowland's measurements of the Fraun- 
hofer lines are reproduced in full. The letter preceding a 
line is the one in general use for its designation i chemical 
symbols following it indicate the element with a line of which 
it coincides. A query^ (?) after the symbol means that it is 
doubtful whether the line does belong to the spectrum of the 
element. Two symbols after a line, such as 3295.957 Mn-Di, 
implies that both elements have a coincident line of this wave- 
length. Two or more symbols in brackets show that a line 
of the first element corresponds with one side of the solar line, 
one of the second with its middle, etc. Lines which do not 
coincide with those of any known element are followed by a 
query, whilst those due to absorption by atmospheric oxygen 
or moisture are designated by atm* (0) or atm, (H,0), All 
the wave-lengths are given in Angstrom units, reduced to air 
at 20"^ C, under a pressure of 760 mm. 

The Chemical Composition of the Sun.— The establish- 
ment of Kirchhoff 's law, and the experimental reversal of the 
sodium lines (comp. Chapter VI) naturally directed attention 
to the elucidation of the composition of the sun, Kirchhoff's 
careful drawings of spectra were prepared for the purpose of 
comparing the position of solar and metal lines. He employed 
the Fraunhofer lines for the orientation of metallic lines^ and 
found that the iron lines coincided exactly with similar dark 
lines. That the coincidence of only sixty lines should be a 



' Aiiitof the lines in Rowland's lablcs has appeared in the Astrophys, 
Jour, from 1695 onwards. 
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ROWLAND S TABLE OF WAVE LENGTHS OF THE FRAUNHOFER 

LINES. 

Based on D\ = 5876.156 Angstroms, and reduced to air at 20^ and 760 mm. 

pressure. 
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Ca 

Ca 

Fc 

Ca 

Ca 

Ca 

Fe 
Cr) 
Zrf 
Mn } 
? f 

ri 

Ti? 
Ba 
Ti 
Mg 
Ti 
Ca-Ti 
Cr? 
Ti? 
Fe 
Sr 

Ti \ 
Co f 

Fe 

Fe 

Fe 

Ni 

? ) 
Kef 

Cd 

Fc 

Zn 

Fc 

Ni 
? 



4691.581 

4703.180 
4703.986 

4714.599 
4722.349 

4727.628 

4754.226 
4783.601 

4805.253 ; 

4810.723 
4823.6<;7 
4824.325 
4859.934 
[F] 4861.496 
4890.945 
4900.098 
4900. 306 

4903.488 

4919.183 
4920. 68 2 
4924.^)9 
4924.955 
4934-247 
4957.482 
4957.786 

4973.274 

4978.782 

4980.362 

4981.915 
4994.316 
4999. 6<)3 

5005.904 
5oof). 303 

5007.431 
5014.422 
5020.210 
5036.113 

5041.795 
5050.008 
5060.252 
5064.833 
506S.946 



Ti 
Fef 

Mk 

Ni 

Ni 

Zn 
Fc \ 
Mn S 

Mn 

Mn 

■nf 

Zn 

Mn 

Fc? 

Fe 

li 

Fc 

Ti 

Yt 
Cr) 
Fef 

Fc 

Fe 

Fe 

Fc 

Ba 

Fc 

Fc 
Ti ) 
Fc S 

? \ 
Fc ( 
Ni ) 

? S 

Ti 

Fe 
Ti-La 

Fc 

Fc 
Ti ) 
Fef 
(Ni)Ti j 

Ti I 

Ti 
Ti) 
Ni \ 

Ca 

Fe 

Fc 

Ti 

Fc 
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5083.525 
5090.959 
5097.176 
5105.719 
5109.825 

5110.570 

5115.558 

5121.797 

5126.369 
5127.530 

5133.871 

5139-437 
5139-539 
5139-645 
5141.916 

5142.967 
5143-042 
5143.106 

5146.664 

5151.026 

5154.237 
5155.937 
5159.240 
5162.448 
5165.190 
5165.588 
5167.501 

[b4]5i67.572 
5167.686 
5169.066 

[ba]5l69.l6l 
5169.218 
5171.783 

[b,]5172.871 
«;i73.0T2 

[bi]6183.792 
5188.863 
5188.948 
5189.020 

5193-139 

5198.885 

5202.483 
5204.708 

5210.556 
5215.352 



Fc 
Fc 
Fe 
Fe(Cu) 
Fe 

k\ 

Ni 
Ni) 
Fcf 
Co 
Fe 
Fe ; 
? 

Fe j 

Fe ' 
Fe 

Fe) 

"/( 
Fe \ 
Mn I 
Ti?Co? 

Ni 

Fe? 

Fe 

C 

Fe 
Mg) 

Fe ) 

Fe) 
Fe 
Mg 
Ti 
Mg 

Ca \ 
Ti 
Fe 

SI 

Ti 
Fe 



5217.559 
5225.690 
5230.014 
5233.124 
5242.662 
5250.391 
5250.825 
5253.649 
5260.557 

5261.880 

5262.341 
5262.391 
5264.327 
5264.371 
5264.395 
5265.727 
526J.7S9 

5265.884 

5266.729 
[Ea] 5269.722 

5270.448 
[E,] 5270.495 

5270.533 
5273344 
5273.443 
5273.554 

5276.205 

5281.968 
5283.803 
5288.708 
5296.873 
5300.918 
5307.546 
5316.790 

[I474]53i6.870 
5316.950 
5324 373 
5333.092 
5349.623 
5353 592 
5361.813 
5363.011 
5363.056 
5367.670 I 
5370.165 

5371.686 

5379.776 



Fe 

Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Ca 

Ca 

C 
? 

Ca 

Cr 



Ca 
Ca 



(N 
C 

Fe 
Fe 
Ca 



Fe 
Fe) 

h\ 

Co) 
Fe 
Fe 
Fe 
Cr 
Cr 
Fe 

Fe?) 



Co?) 
Fe 
Fe? 
Ca 

Fe-Ni 
? 

Fe(Co) I 

Fe 

Fe 
Ni ) 
Fe-Cr S 

Fe 



5383.576 
5389.683 
5393.378 
5397.346 
5405.987 
5410.000 

5415-421 

5424-284 

5434-742 
5447.130 
5455.666 

•^455-759 
5455.826 

5462.732 
5463.174 
5463.493 
5466.608 
5477.128 
5487.968 

5497.731 
. 5501.685 
5507.000 
5513.207 
5528.636 

5535.073 
5543.418 
5544.158 
5555.113 
5569.848 
5576 319 
5582.195 
558S.980 
5590.342 
5594.695 
5598.555 
5598.715 
5601.501 

5603.097 

5615-526 
5615.879 
5624.253 
5624.768 
5634.167 
5641.661 
5645.835 
5655.707 
5658.096 
5662.745 



Fe 
Fe 

Fc 
Fc 

Fe 
Cr 

Fe 
Fe 

Fe?!^ 

Fe S 
Ni 
Fe 
Fe 
Fe 
Ni 
Fe 
Fe 
Fe 
Fe 
Ca 
Mg 
Fe 
Fe 
Fe 
Fe 
Fe 
Fe 
Ca 
Ca 
Ca 
Ca 
Fe 
Ca 
Ca 
Fc) 
Cat 
Fc) 
Fe 
Fe 
Fc 
FeV 
Fc 
Fc 
Si 
Fc 
Yl? 
Fe 
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5675.648 
5679.249 
5682.861 

568S.434 
5701.769 
5 70S. 620 
570<).6i6 
570<).76o 
5711.318 
5715 309 

5731-973 
5742.066 
5752.257 
5753.342 

5754-5^ 

5763.215 

5772. 3<^ 

5775.304 

5782.346 

57S4.081 

5788.136 

5791.207 

5798.087 
5798.400 
5805.448 
58o().954 
5809.437 
5816.594 
5831-832 
5853003 
5857.672 
5859.S10 
5862.^80 
(0515^75.982 

5884.048 

5889.854 
rr)..]6890.182 

^891. 098 
[D,]5896.164 

5898.395 

5901.681 

5<;o5.895 

5914 384 

5916.475 
5919-855 



Ti 
Fc 
Na 
Na 

I Kc 

I S> 
I Fe 

Ni 

Mg 

Ni \ 
I Fe-Ti f 
I Fc 
I Fc 

Fc 

Fc 
Ni / 

? S 
Fe 
Si 
Fe 

I Cu? Co? 
! Cr 
Cr 

; Cr> 
Fc S 
? 

Fe 
Ni 

' Fe 
Fe 
Ni 

; Ba 
I Ca 

Fe 

Fe 

lie 

Fe 

lat. (H,()) f 
atm. (II9O) 
! Na 

Ni 

Na 

|at.(H,())^ 
Fe? S 

!at.(n,0)^ 
Fc? f 
Fc 

Fe ; 
l?at.(H,0)V 
Fc 

atm. (H,0) 

I h 



II 



5930.410 
5934.883 
594S.761 
5956.925 
5975.576 
5977.005 

5977.254 
5985.044 
59S7.2S6 
f)003.245 
6008.196 
6008.782 
6013.717 
6016.856 

6020.347 

f»022.0I7 
6024.280 
6027.265 
6042.316 
6056.232 
6065.708 
6078.709 
6079.223 
6102.408 

6102.941 

6103.449 
610S.338 
61II.2S7 
6116.415 
6122.428 
6136.834 
6141.934 
6154.431 
6160.970 

6182 888 

6169.2^)0 
6169.775 
6173- 554 
6177.028 
6180.419 
6191.397 
6191.770 
6200 533 
6213.646 

6219.493 
6230. 946 

6237.529 
6246.530 
6252.776 
6254.454 



Fe 
Fc 

Si 
Fc 
Fc 
Fc 

atm. (H,0) 
Fe 
Fe 
Fc 
Fe 
Fc 
Mn 
Mn 

A! 

Mn 
Fc 
Fc 
Fc 
Fe 
Fe 
Fc 
Fe 
Fc 
Ca ) 
Fef 
? 

Ni 

Ni 

Fe 

Ca 

Fe 
Fe-Ba 

Na 

Na 

Ca 

Ca 

Ca 

Fc 

Ni 

Fe 

Ni 

Fc 

Fc 

Fe 

Fe 
Fc-V 

? 

Fc 
Fe 
Fe 



6256.574 

6261.316 
6265.347 
6270.439 
[<»] 6278.289 
6281.374 
6289.608 
6293.152 
6296.144 
6301.719 
6314.874 

6315-541 
6318.242 
6322.912 
6335.550 
6337.042 
6344.370 
6355.259 
6358.902 
6378.461 
6380.951 
6393.818 

6400. 2(X) 

6400. 5(X) 
6408.231 
6411.864 
6420.171 
6421.569 
643i.</>3 
6439.298 
6450.029 

6462.835 

6471.881 
6480.264 
6482.0(^9 
6494.001 
6495.209 
6499.871 
6516 315 
6518.594 
6532.546 
6534.173 
6546.^486 

6c;«^2.84o 
[C] 6663.054 

6569.461 
6572.312 
6574.477 
6575.179 



Ni) 
Fef 

Ti 

Fe 

Fc 
atm. (O) 
atm. (O) 
atm. (O) 
aim. (O) 
atm. (O) 

Fc 

Ni 

Fe 
Fe.(Ca) 

Fe 

Fe 

Fc 

Fe 

Fe 

Fc 

Ni 

Fc 

Fe 
? 

Fe 

Fc 

Fe 

Fc 

Fc 

Fc 

Ca 

Ca 
Ca ) 
Fef 

Ca 

aim. (H,0) 

•> 

Ca 
j Fe 
Ca 

\ Fe 
atm. (lUO) 

I 

Fe f 
atm. ( 
II 
Fe 

atm. (H,0) 

I ? 
t Fc 
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6593.161 


1 

1 

Fc 


6889.194 


... 

atm. (O) 


7148.427 


> 


6594.115 


Fe 


6890. 149 


atm. (O) 


7168. 19T 


> 


6609.354 


Fe 


6892.614 


aim. (O) 


7176.347 


at. (H,0)> 


6633.992 


Fe 


6893.559 


aim. (O) 


7184.7S1 


at. (H,0?) 


6643.882 


Ni 


68(>6.292 


atm. (O) 


7186.552 


at. (H,0'> 


6663.525 


> 


6897.195 


atm. (O) 


7193.921 


atm. < 1 1,(>> 


6^)63.696 


Fe 


(jqiyii 199 


aim. (O) 


7800 758 


atm. (H,()i 


6678.232 


Fe 


6901.1 13 


atm. (O) 


7801.468 


atin. (H?<)> 


6703.813 


? 


6(^04.358 


atm. (O) 


7210.812 


at. (H,6?> 


6705.353 


? 


6905.263 


aim. (O) ; 


7223.930 




6717.934 


Ca 


6908.785 


aim. (O) ' 


7227.765 


7 


6722.095 


? 


6909.675 


aim. (O) . 


7232.509 


} 


6726.923 


Fe 


6913454 


atm. (O) 


7233.171 


"> 


6750.412 


Fe 


6914.328 


atm. (O) 


7240.g72 


aim. (H:,()> 


6752.962 


Fe 


6914.819 


Ni 


7248.904 


aim.(HaO> 


6768.044 


Ni 


6916.957 


? 


7247.461 


at. (H,())? 


6772.565 


Ni 1 


6918.363 


atm. (O) ; 


7264.851 


at. (H,0.? 


6787.137 


Fe 

... 1 


6919.245 


atm. (O) 1 


7265.833 


at. (H,0;? 


6807. 100 


Fe 


6923 557 


atm. (O) 1 


7270.205 


p 


6810.519 


Fe 


6924.420 


atm. (O) 


7273.256 


at. (il,0>> 


6820.614 


Fe 


6928.992 


atm. (O) 


7287.6S9 


at. (H,0)> 


6828.850 


Fe 


6929.838 


atm. (O) 


7890.714 


at. (H,0)> 


6841.591 


Fe 


6934.646 


atm. (O) 


73cx).056 


atm.(H.O) 


()843.908 


Fe 


6935.530 


atm. (O) 


7304 475 


at. (H,0)? 


68^3.425 


Fe 


6947.781 


at. (H9O?) 


73i8.bi8 


at. iH,0)? 


6867.46 1 


atm. (O) 1 


6qc'X.8'^8 


at. (H,0?) 


7321.056 


? 


6867 800 


aim. (O) j 


atm.? 


7331.206 


"> 


68^)8.124 


atm. (O) , 


6956.700 


aim. (H,0) 


7389696 


■> 


6868.393 


atm. (O) 


6959.708 


at. (H,0?) 


7409.554 


7 


0868.779 


atm. (O) , 


6961.518 


ai. (H,0?) 


7446.038 


7 


6869.141 


atm. (O)) 


6978.655 


"> 


7462.609 


7 


6S69.347 


atm. (O) ) , 


6986.832 


atm. (H,0)| 


7495.351 


7 


[B] 6870.186 


atm. (O) 


6989.240 


at. (H,0?) 


7511.286 


7 


6871.179 


atm. (O) 


6999.174 


at. (H,0?); 


7545 921 


7 


6871.527 


atm. (O) 


7000.143 


? 


fAl j 75Q4.059 
L'^J i 7681.877 


aim tO> 


6872.493 


atm. (O) 


7006.160 


\ I 


atm (O) 


6873.076 


atm. (O) 


7011.585 




7688.586 


aim. iO> 


6874.039 


atm. (O) 


7016.279 


at. (H,0?); 


7684 858 


aim. (C)> 


6874.884 


atm. (O) 


7016.690 


at. (H,0?) 


7627 888 


aim (()) 


6875.826 


atm. (O) 1 


7023.225 


? 1 


7688.585 


atm. (()> 


6876.957 


atm. (O) ! 


7023.747 


? 


7659.658 


atm. (0> 


6877. 878 


aim. (O) 


7024.988 


■> 


7660.778 


aim. (O) 


6879.294 


atm. (O) 1 


7027.199 


} 


7665 265 


aim. (0> 


(880.176 


aim. (O) i 


7027.726 


7 


7666.239 


aim. (O) 


6881.970 




7035.159 


? 


7670.993 


atm. (0> 


6882 772 


Cr 


7038.470 


? 


7671.994 


atm. (0> 


6883.318 


Cr 1 


7040.058 


? 


7699374 


7 


6884.083 


aim. (O) 


7090.645 


} 


7714.686 


7 


6886.008 


atm. (O) 


7122.491 


? 






6886.987 


atm. (O) 


7147 942 


? 
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matter of accidt^nt b practically out of the question, as he ' 
calculated that the chance of this being so is only 1 in a trillion 
inny ff g fl g g i > q B m ? )' Actually the chance is even less, for 
it is found that» gene rally » the brighter an iron line the darker 
is the corresponding Fraunhofer line. la explanation of the 
above agreement he suggested that the light of the sun passes 
through the vapor of iron which absorbs certain of the rays. 
It is impossible to suppose that the earth's atmosphere 
contains sufficient iron to produce these absorption-lines^ 
especially as they undergo no change when the sun approaches 
the horizon; the metal must therefore be present as vapor in 
the solar atmosphere, and since this must necessarily be at an 
enormously high temperature, the pfesence in it of vaporized 
iron is not inherently improbable. The occurrence of one 
terre?^trial clement in the solar atmosphere having been thus 
demonstrated, and a considerable number of the Fraunhofer 
lines accounted for, Kirchhoff sought for evidence of the 
existence of other elements, and found calcium, magncsi nn, 
sodium, chromium, barium, copper, zinc^ and nickel. The 
presence of cobalt, which is always found with nickel and iron 
in meteorites, he was unable to demonstrate positively. The 
following additional metals, which he investigated, appeared 
to be invisible in the solar atmosphere: gold, silver, mercury, 
aluminium, tin, lead, antimony, arsenic, strontium, lithium. 
The researches of Angstrom and Thal^n,* separately and in 
conjunction, increased the number of solar elements, and led 
to the identification of about eight hundred Fraunhofer lines. 
The following table shows how many of the lines included in 
Angstrom*s spectrum tables originate from known elements. 



^ Utitersuchungen Uber 4as Sunnenspcctruin. A. B. A. 18611 
* Recherches suf la spectre soUire (Up^ala, lS6t). 
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Element. Number of lines. Element. Number of lines. 

Aluminium 2? Iron 450 

Barium 11 Magnesium ^ ^ (jp^ 

Calcium 75 Manganese " 57 

Chromium iS Nickel 33 

Cobalt 19 Sodium g 

Copper 7 Titanium 118 

Hydrogen 4 Zinc 2 ? 

This list was considerably increased by Lockyer,* and I'j^iit 
thrown on doubtful points by his method of long and short 
lines. The appearance in the solar spectrum of some, but 
not all, the reversed coincident lines of certain elements had 
been noticed by KirchhofT in the case of cobalt. Lockyer 
showed that the production of spectrum lines is dependent on 
the temperature, pressure, quantity, and purity of the vapor 
of the element. The longer lines require a lower tempera- 
ture, and are most easily visible. The shorter lines cannot 
be expected to appear always in the relatively cool atmosphere 
surrounding the sun, consequently their absence does not 
necessarily prove that a particular i lement is not present in 
the sun, but the appearance of the long lin s is sufficient to 
establish its existence. The same considerations explain why 
the long lines only are reversed; this i.s^ accomplished by the 
cool atmosphere which, on account of its temperature, can 
only affect these and not the short ones. In addition to the 
elements given above, Lockyer has lound the following in the 
sun: lead, cadmium, potassium, cerium, strontium, uranium, 
.vanadium, and probably also lithium, rubidium, caesium, tin, 
bismuth, and silver. Lockyer has been led by his observations 
to certain other conclusions which have failed to meet with 
general acceptance. The relative intensity of the Fraunhofer 
lines sometimes varies; from a comparison of these with 
coincident spectrum lines he considers that some elements are 
dissociated in the sun; this gives rise to certain fundamental 
or * basic lines,** due to a common constituent of several 

* Studies in spectrim analysis (New Y'^rk and L«n<l«»n, 1S78). 
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elements. The incorrectness of this view has been established 
by Liveing and Dewar,* Fievez,' H. W. Vogel,' Kayser and 
Runge/ Rowland,* and others. It has been shown that, with 
few exceptions, the intensity of the solar lines is almost the 
same as that of the arc spectra of elements, that Lockyer has 
confused groups of lines with single ones, and has mistaken 
the character of the lines. The basic lines have been resolved 
by the use of higher dispersions, so that their coincidence 
loses its significance; in the remaining cases the phenomena 
are due to the presence of a common impurity in the elements 
examined. The number of elements observed in the sun by 
Lockyer has also been modified. Kayser and Runge's work 
on the spectra of the elements included an investigation of 
their presence in the sun; they showed the absence of potas- 
sium, lithium, caesium, and rubidium. The existence in it of 
carbon and nitrogen was proved by means of the bands, pro- 
duced by a compound of these elements, and usually termed 
the cyanogen bands. 

During the past few years Rowland * has thoroughly 
examined the Fraunhofer lines, and with the help of the con- 
cave diffraction grating has also photographed the spectra of 
the elements in order to compare them with his solar atlas; 
the chief results of this work are given in the preceding table 
of wave-lengths. He finds that the following additional ele- 
ments are present: lithium, scandium, yttrium, zirconium, 
beryllium, germanium, and erbium. The lists below repro- 
duce his arrangement of elements known with certainty to be 
present in the sun; in the first they are arranged according to 
the intensity, in the second according to the number of the 



' P. R. S. (1881) 32. 225. 

* Ann. dc I'ubserv. dc Bruxelles (1S82), [2I 11. 
» P. M. (1883). [5] 15, 28 

* A. B. A. i8(>o. 

* Johns Hopkins Univ. Circulars (1891), 10, 42. 

* JhiU. 1S91). 10, 41. 
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lines. All elements except those marked f occur occasionally 
as bright lines in the chromosphere. 

Iniensity. Number. Intensity. Number. 

I. Calcium Iron (at least i8. Yttrium Palladium 

2000) 19. Zirconium! Magnesium (at 

^. Iron Nickel least 20) 

3. Hydrogen Titanium 20. Molybdenumf Sodium (ix) 

4. Sodium Manganese 21. Lanthanum Silicon 

5. Nickel Chromium 22. Niobiumf Hydrogen 

6. Manganese Cobalt 23. Palladiumf Strontium 

7. Cobalt Carbon (at 24. Ncodymiumf Barium 

least 200) 25. Copperf Aluminium (4) 

6. Siliconf Vanadium 26. Zinc Cadmium 

9. Aluminiumf Zirconium 27. Cadmium Rhodium 

10. Titanium Cerium 28. Cerium Erbium 

11. Chromium Calcium (at 29. Berylliumf Zinc 

least 75) 30. Germaniumf Copper (2) 

12. Strontium Neodymium 31. Rhodiumf... Silver 

13. Manganese Scandium 32. Silver Beryllium 

14. Vanadium Lanthanum 33. Tin Germanium 

15. Barium Yttrium 34. Lead Tin 

16. Carbonf? Niobium 35. Erbium Lead (i) 

17. Scandiumf Molybdenum 36. Potassiumf Potassium 

DOUBTFUL ELEMENTS. 

Iridium Platinum Tantalum Tungsten 

Osmium Ruthenium Thorium Uranium 

ABSENT FROM THE SOLAR SPECTRUM. 

Antimony Caesium Nitrogen (as in a vacuum tube) Selenium 

Arsenic Gold Phosphorus Sulphur 

Bismuth Indium Praseodymium Thallium 

Boron Mercury Rubidium Lithium 

ELEMENTS NOT YET INVESTIGATED BY ROWLAND. 
Bromine Fluorine Holmium Oxvgcn Terbium 

Chlorine Gallium Iodine Tellurium Thulium, etc. 

The above results, although obtained by the best methods, 
are by no means final. The number of Fraunhofer h'nes 
which has been identified is large, but there are numerous 
prominent ones the origin of which is unknown: many are 
possibly due to silicon, the lines of which in the visible 
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region are extremely difficult to obtain^ although those iti the 
ultra-violet can be readily observed. There are probably 
more iron lines iit the solar spectrum than those at present 
recognized, and it is possible that, at more elevated tempera- 
tures than those hitherto attainable^ the lines of all elenients 
may increase in number. The investigation of many spectra 
has been far from thorough, and extended work in this direc- 
tion will probably result in the identification of numerous 
Fraunhoft;r lines. The spectra of the metals of the rare 
earths has been much neglected; Rowland ' examined several 
of them and foufid that cerium, lanthanum, pniseodymium, 
and thorium cannot be further resolved, Yttrium probably 
consists of two substances* erbium certainly of three and 
possibly of four elements; one of these, termed by Rowland 
de;r.onium on account of the difficulty of its separation, occurs 
in the sun, and exhibits a stron;^ line at about ^\ = 40OO.6. 
Rowland has also isolated four other elements designated by 
the letters A, «, k, three of them exhibit a feeble absorption- 
spectrum in the visible region ^ and a strong one in the ultra- 
violet. 

Telluric Lines of the Solar Spectrum.— Reference has 

already been made to the telluric or tcrr^striai Fraunhofer 
lines produced by the atmosphere (com p. spectrum of air, 
Chapter VII). Rowland's table of wave-lengths shows that 
the oxygen and water vapor of the atmosphere are the only 
substances which produce absorption in the visible region; 
nitrogen, carbon dioxide, and ozone appear to exert no 
influence, EgorofT,' Janssen,' Cornu,* and Becker* have in- 
vestigated the behavior of oxygen, and Angstr5m\ and 

* Johns Hopkins Univ. Circuiara (1894) 13, 73* 

* C. r. S3, 38 Ei, 447; 

* mJ. B4, i23o; 66, 53S; 60. 313; 63, 72S. A, c. p. [4] 33. 274, 

<C. r. 169. Journ. de Phys. [2] 3, tOQ. W, A, Bcibl- 6, 305. 
A. c. p, [6] 7, 5. 

*T. R. S. E. (iSqa) 36. 1. 

' C, r, (tB66)63. 647. Recherchcs aur k spectre lolaire (Upsak, t868). 
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Janssen ' that of water vapor. In addition to known terrestrial 
elements, the Fraunhofer Hnes have led to the identification of 
others which have either not yet been isolated at all, or have 
only been obtained long subsequent to their spectroscopic char- 
acterization. This applies to the Z?,-line, produced by the ele- 
ment which Franklan J termed helium, and to the bright green 
line of the corona designated by Kirchhoff 1474A'. As alieady 
stated, Ramsay MidS recently obtained helium from cl^veite. 

Limits of the Investigation. — It is somewhat surprising 
that so many terrestrial elements, such as the non-metals, and 
the metals of high atomic weight, appear to be absent from 
the sun, but the investigation can only proceed a certain 
length. It has been already stated that, in the ultra-violet, 
the solar spectrum does not extend beyond about 300/i//. 
As the temperature rises spectra tend to develop in the 
violet; hence, on account of the extremely high temperature 
of the sun, a considerable portion of its spectrum must neces- 
sarily escapj observation. Cornu ' states that the absorption 
of the ultra-violet region is not caused by the varying con- 
stituents of the atmosphere, such as water vapor or dust, 
but essentially by nitrogen and oxygen. He* has suggested 
a formula for the calculation of the length of the solar 
spectrum absorbed by the column of air which the light 
traverses; according to this, a thickness of 663 metres causes 

o 

a diminution of 10 A. at the ultra-violet end. The formula 
indicates that the extreme limit which can be observed is 
w.-l. = 2930, and it also shows that at w.-l. = 2120 and 
w.-l. = 1570 total absorption is caused by strata of air 10 m. 
and o. I m. in thickness, respectively. This was confirmed 
by experiment: the triple line of aluminium of w.-l. = i860 
was rendered unrecognizable by passage through a column of 

' C. r. (TSf»6) 63. 2S(,, 728. A. c. p. (1S71) [4] 23, 274 : 24, 215. 
' C. N. ( iS«)3i 71, 151. 
C\ r. 90 <)i«> 
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air 4 m. in length. A further obstacle to the determination 
of the chemical composition of the sun is the fact that its 
nucleus, comprising at least nine tenths of the whole, is not 
available for spectroscopic investigation, as explained below. 

The Physical Condition of the Sun. — In order to explain 
the occurrence of the dark lines in the solar spectrum Kirch- 
hofl concluded that the atmosphere of the sun encloses a 
luminous mass which emits a continuous spectrum of high 
illuminating power. This inner portion is either solid or 
liquid, and at a higher temperature than the atmosphere. 
Subsequent investigations, both under ordinary conditions 
and during solar eclipses, have shown that the sun is more 
complex than Kirchhoff imagined. A complete treatment of 
the subject is altogether beyond the scope of this work, par- 
^icula^ly as opinion is still much divided; the majority of 
investigators agree with C. A. Young's' views, and it will 
suffice to attempt a brief sketch of these. 

The nature of the inner nucleus of the sun can only be 
conjectured, as it is beyond the reach of observation. Probably 
it consists of gas at an extremely high temperature, and under 
such an enormous pressure that its properties must resemble, 
to some extent, those of a viscous substance like putty. 
Surrounding the nucleus is the photosphere, composed of 
glowing cloud-like masses of v.ipor; it forms the visible sur- 
face, and appears to correspond with the clouds in the terres- 
trial atmosphere. It is not known whether it is separated 
from the nucleus by a definite surface; externally, it is sharply 
but irregularly defined, being elevated in some places into 
faculty and in others depressed, forming spots, Th .» re:rrsiu<^ 
Jjyer is situated directly over the photosphere, and produc s 
tile Fraunhofer h'nes; its thickness is only about 1000 miles. 
The gases composing the reversing lay^r are not confined ex- 
clusively to the surface of the photosphere, they also occupy 



' The Sun. New York and London, 1896. 
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the spaces between the photospheric clouds, and constitute 
the atmosphere in which these float. Above the reversing 
layer is the scarlet-red chromosphere, consisting of uncon- 
densed gases (hydrogen and helium); from this numerous 
prominences extend far beyond the surface of the sun. The 
exterior portion of the sun is termed the corona; it consists 
of clouds and irregular streams of light, and gradually merges 
into the surrounding darkness. The greater portion of the 
mass of the sun is within the photosphere, but the larger part 
of its volume is outside it; the diameter of the solar atmos- 
phere is at least double that of the central portion, and its 
volume consequently seven times as great as this. 

The idea that the NUCLEUS of the sun consists of gas is 
supported by the fact that its atmosphere has a temperature 
sufficient to vaporize metals, and also because the sun's mean 
density is low. Compared with that of the earth it is only 
0.253, or in comparison with water 1.406; it would necessarily 
be much greater than this if it consisted to a great extent of 
liquid iron, titanium, magnesium, etc. As the temperature 
of the gaseous mass is far \ bove its critical point, the high 
pressure must cause it to exceed water in density, and there- 
fore the gases must be viscous, and comparable in properties 
with molten <:lass or putty. 

' The PIKJTOSPHERE is undoubtedly a gaseous envelope, 
condensed in places to cloudlike masses of vapor in conse- 
quence of the heat radiating into space. Its irregular appear- 
ance is due to these masses, the solid or liquid particles of 
which cause its luminosity, and produce a continuous spec- 
trum like the solid particles in an ordinary flame. The 
spectrum of the SUN-SPOTS exhibits a number of dark bands: 
the dark lines of calcium, iron, titanium, etc., are widened, 
and some lines, like those of hydrogen, are often reversed; 
the sodium lines are also frequently enormously widened, 
and doubly reversed, as shown in Fig. 43. These phenomena 
render it likely that the increased absorption is due to gases 
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and vapors rushing in to fill a space, and absorbing the light 
emitted from the cavity* In consequence of the violent 
motion of the gases, lines are some- 
times displaced, as explained in the 
following chapter. 

The FACUL^ show the /^and K 
bands of calcium, always reversed 
by a thin bright line running down 
t h e m i dd 1 e of each ; and , \vh ilst the re- 
versal directly over a spot is generally 43- 
** single,'* it is usually double *' in the faculous region sur- 
rounding it, i.e.» the bright line is double. This make?? it 
somewhat probable that the facul^ are not mere protrusions 
from the photosphere, but luminous masses of calcium vapor 
floating in the solar atmosphere, and possibly identical with 
the prominences themselves. The emission spectrum of the 
REVERSING LAYER can only be observed during a total 
eclipse; at the moment when the sun is completely obscured 
by the moon the lines of the whole spectrum are seen to flash 
out brightly luminous. 

Like the other phenomena, the spectra of the CHROMO- 
SPHERE and its PKOMINENCES were formerly only visible 
during an eclipse; but in 1868 Janssen * and Lockyer' inde- 
pendently, and almost simultaneously, devised a method by 
which these portions of the sun could be observed daily in a 
clear atmosphere. Zollner* and Huggins* have suggested 
similar methods of procedure, A spectroscope of high dis- 
persive power is employed, and the sHt opejied widely; if not 
too large, the whole prominence is then visible. The promi- 
nences appear to bear a certain relationship to the sun-spots 
and faculie; they arc divided into two classes — quiescent^ 

^ C. n (i868)6fi, 93. 

• P. R, S. (1868) 11, gi, 104. ia8> 
> P. A. (1869) 138. 33. 

* P. R. S. (I8ti8). 17, 303. 
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cloudlike, or hydrogen and helium prominences, and erup- 
tive or metallic ones. The former resemble terrestrial clouds 
in appearance; the latter are highly luminous, but the degree 
of luminosity and the shape change with extreme rapidity. 
Their spectra is very complicated, and, as shown by the dis- 
placement of the lines, they often attain a velocity exceeding 
lOO miles per second. The size of the prominences varies 
between wide limits; the mean thickness of the chromosphere 
is about 7500 to 9500 km. (50CX) to 6ocx) miles), therefore no 
prominence can be less than 7000 to 9000 miles. Secchi 
observed 2767 prominences; of these 1964 attained a height 
of 29,000 km. (18,000 miles), and 751 exceeded 43,000 km. 
(28,000 miles). Young, in 1880, observed a prominence 
extending a distance of 562,400 km. (350,000 miles), the 
longest hitherto noticed. The following lines form the 
spectrum of the true chromosphere, and are always present: 
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There arc numerous additional lines sometimes visible; their 
occurrence depends on the comparative violence of motion of 
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The Corona. — The corona is visible only during a total 
eclipse, and much uncertainty prevails as to its nature. In 
i86g Harkness, Pickering, and Young independently observed 
the c ronal line 1474 A"., of wave-length 5316.87, to which 
reference has already been made. Of the clement which pro- 
duces this line nothing is at present known; that it is far less 
dense than hydrogen is probable from the fact that the line 
remains clear and sharp during the most violent movements 
of the prominences. It was long believed that this bright line 
was the only one present in the spectrum of the corona, but 
others, including those of hydrogen and calcium, have been 
subsequently observed, chiefly by Schuster,* who in 1882, in 
Egypt, was able to detect about thirty. In addition to the 
bright lines Pickering and Eastman in 1869 noticed a faint 
continuous spectrum, in which Janssen, and also Barker 
detected some of the stronger Fraunhofer lines, D, b, G. It 
is now generally admitted that the corona consists of an 
atmosphere extending 300,000 miles, and of extreme tenuity. 
The nature of the stre:imers is still uncertain; some regard 
them as a sort of permanent aurora, their position and direc- 
tion being determined by the sun's magnetic field of force, as 
the terrestrial fields of lorce direct the beams of the aurora 
borealis. Schaeberle believes them to be due to light emitted 
and reflected from streams of matter ejected from the sun by 
forces acting, in general, along lines normal to the surface of 
the sun, and most active near the centre of each sun-spot 
zone. The attempts of Huggins' and others to photograph 
the corona in ordinary daylight have not been successful. 

' Abney and Schuster, P. T. 1884. 

' P. R. S. 34, 409; 39, loS. Astron. Nachr. 104. 113. W. A. B«ibl. 9, 

755. 



CHAPTER X. 



OTHER CELESTIAL BODIES.' AURORA BOREALIS. ZO- 
DIACAL LIGHT. LIGHTNING. DISPLACEMENT OF 
THE LINES. 

Fixed Stars. — ^The physical condition of the fixed stars 
resembles that of the sun. Their continuous spectra, traversed 
by rectangular dark lines, shows that they consist of an 
incandescent mass surrounded by a glowing atmosphere. 
Fraunhofer, in 1817, observed that the dark lines differ in the 
spectra of various stars, and that they do not correspond 
with those in the solar spectrum ; various stellar spectra were 
also correctly characterized by him. After the foundation of 
an accurate system of spectrum analysis Secchi and H. C. 
Vogel divided stellar spectra into groups, according to the 
degree of development of the stars. The arrangement is as 
follows: 

Class I. Stars at such high temperatures that the metallic 
vapors in their atmospheres exhibit only a slight absorptive 
power (white stars). The spectra consist {a) of strong 
hydrogen lines and feeble metallic lines (Sinus, Vega, and 
the majority of white stars); {b) of single feeble metallic lines 
without the strong hydrogen lines (/^, e Ononis); {c) of 

bright hydrogen lines, and the bright Z?,-line (a Lyrae, y 
Cassiopeicx). 

Class II. Stars which resemble the sun, have an atmos> 
phere containing metals, and exhibit a spectrum containing 
strong absorption-lines. The spectra show, {a) in addition to 



' Comp. Scheiner, Die Spectralanalyse der Gestirne (Leipzig, 1890), where 
a cl'tailed account is given of the itubieci. with references to the literature. 
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the hydrogen lines, numerous strong metallic lines, especially 
in the yellow and green (Capella, Arcturus, Aldebaran); {b) 
numerous bright lines together with dark ones, and a few 
faint bands (T'Coronae). 

Class III. Stars at such a low temperature that the sub- 
stances composing their atmospheres have combined to form 
chemical compounds which produce absorption-bands (red 
stars). The spectra exhibit, {a) in addition to dark lines, 
bands, dark and sharply defined towards the violet, whilst 
towards the red they become irregular {01 Herculis, oi Orionis, 
Pegasi). Most of the lines are due to iron, but it is 
undetermined whether the bands consist of aggregates of fine 
lines, or of strong lines extended laterally; {b) dark, very 
broad bands, sharply bounded towards the red, and gradually 
disappearing towards the violet. This type only includes 
stars of small mangitude. which is unfortunate, as the spectra 
suggests the possibility of their atmospheres containing glow- 
ing carbon. 

The Planets and Moon. — Since the planets and moon 
reflect sunlight, their spectra must be essentially that of the 
sun, modified by absorption-lines or bands produced by their 
own atmospheres. Spectroscopic observation shows that 
Mercury, Venus, and Mars have atmospheres similar in nature 
to that of the earth, and containing aqueous vapor. The 
same applies to Jupiter and Saturn, but their spectra exhibit 
an additional absorption-band; whether this is caused by 
differences in temperature and pressure or by the presence of 
a new gas is undetermined. The atmospheres of Uranus and 
Neptune also differ materially from that of the earth, and 
contain an additional constituent in large quantity. 

The spectrum of the moon is in every way identical with 
that of the sun, showing that it has no atmosphere, or only 
one of extreme tenuity. The satellites of Jupiter exhibit the 
same spectra as that of the planet itself, and appear to have 
identical atmospheres. 
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Comets. — The first spectroscopic observation of a comet 
was made by Donati in 1864;. he found that the spectrum 
consisted of three bright bands superposed on a continuous 
spectrum, and that, in part at least, the comet was self- 
luminous. Four years later Huggins stated that the bright 
bands were identical with those obtained by passing electric 
sparks through ethylene. Subsequent accurate measurements 
made by H. C. Vogel, and Hasselberg showed that this is 
not the case, although the comets undoubtedly contain carbon 
in considerable quantity. A spectrum very similar to that of 
a comet is obtained by passing a continuous electric discharge 
through a mixture of a h\drocarbon and carbon monoxide. 
The comet I of 1882 was observed by H. C. Vogel to contain 
sodium; this was confirmed by Dun^r and Bredichin, whilst 
Copeland and J. G. Lohse noticed iron lines in comet II of 
1882, which passed within a few thousand miles of the sun. 
Huggins, in 1881, observed that the continuous spectrum 
exhibits the Fraunhofer lines, proving that a portion at least 
of its light is reflected sunlight. Photometric and spectro- 
scopic observations of a sudden outburst of light in the case 
of comet I of 1884 showed that a part of the continuous 
spectrum is due to the comet's own luminosity. Hasselberg 
has suggested that this is probably caused by electrical forces, 
and observations of other kinds have rendered it very probable 
that comets are the seats of electrical activity. 

Meteors and Shooting Stars do not lend themselves to 
spectroscopic observation on account of the short period 
during which they are visible. They exhibit a continuous 
spectrum, caused by the incandescence of the solid constit- 
uents, but in addition to this only the sodium line has been 
observed with certainty. The meteorites which fall on to the 
earth can all be analyzed by the ordinary chemical methods, 
so that their spectroscopic investigation is not of much im- 
portance. 

Nebul£. — The spectroscopic investigation of the nebulae 
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is of considerable interest in connection with the Kant- 
Laplace hypothesis of the origin of the solar system* Fonnerly 
they were classified as divisible nebulBL% which could be 
resolved into clusters of stars, and indivisible or true nebulse; 
but the latter were regarded as being capable of resolution if 
sufficiently powerful telescopes were available. The first 
spectroscopic observations of nebula were made by Huggins 
in 1S64; he noticed the existence of bright lines, showing the 
presence of luminous gases. The faintness of the light renders 
the investigation a matter of difficulty; with medium instru- 
ments three or four lines only are usually visible. The wave- 
lengths are about 5004, 4957, 4861, 4341. By means of 
photographic processes about forty additional lines may be 
detected. The presence of hydrogen is known with certainty, 
and that of helium is probable, but the origin of the majority 
of the lines is unknown. Many of the nebulae exhibit a faint 
continuous spectrum in addition to the bright lines; its maxi- 
mum is in the green, instend of the yellow, Voge! states 
that it shows no sign of discontinuity, but Copeland and 
Huggins consider that it appears to be resolved into lines. 
If this view is correct, the nebulous clusters of stars are masses 
of glowing gas, and are to be regarded as stellar system?^, the 
individuals of which are gaseous. 

Aurora Borealis. — This phenomenon is the result of elcc» 
trie discharges in highly rarefied air, and has been a frequent 
subject of spectroscopic observation. The spectrum exhibits 
a number of very faint lines ^ together with a characteristic 
bright green one of wave-length = 5571. which has been 
termed the aurora line. Its origin is not known, but C. 
Vogel. Zollner, and Hasselberg agree in regarding the remain* 
ing portion of the spectrum as a modification of that of air. 

The spectrum of the ZODIACAL IJGHT is a reflected solar 
spectrum: the faintness of the light necessitates the use of a 
wide slit, so that the Fraunhofer lines are unrecognizable. 

The spectrum of LIGHTNING has been examined by many» 
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including Kundt, John Herschel, Laborde, H. C. VogeU 
Joule, Procter, Young, and Schuster. The majority have 
detected the line spectrum of nitrogen, frequently in combina- 
tion with a continuous spectrum, and occasionally with a 
band-spectrum of unknown origin. Schuster states that this 
last bears a very close resemblance to the spectrum, at the 
cathode, of a vacuum tube containing oxygen mixed with a 
ismall proportion of carbon monoxide. 



The spectroscope has rendered important help to astrono- 
iners in elucidating the relative velocity of bodies in the line 
of collimation. In the sections on sun-spots and prominences 
it was mentioned that their extremely rapid motion produced 
a displacement of the spectrum lines. The explanation of 
this phenomenon is obtained from Doppler's * principle, first 
propounded in 1841, according to which the color of the light 
received on to tiie retina, or the pitch of a note changes if the 
source of light or sound approaches or recedes from the 
observer at a speed not too small in comparison to that of 
light or sound respectively. If the source of light or sound 
approaches the observer more waves will be received in a 
given time than if it were stationary, whilst if it is receding 
the number of waves will be less. The color or wave-length 
of a ray from an object approaching will therefore be diverted 
towards the violet, but will approximate to the red if the 
object is receding. The alteration, to a stationary observer, 
according to whether the light approaches or recedes, is given 



by the expression A, = A ± ^ J. where A = the wave-length 



of the ray, A, = that produced by the motion, 7' being the 
velocity of light, and (x that of the luminous body. Fip. 

' Ueb<rr das farbige Licht der Doppclsieriic unci andcrer Gestirne des 
Ilimmels. Abhandl. K. Br>hmischcn Ges. d. Wissensch. (i84i-2)[5] 2, 465. 
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44 shows the displacement of the /'-line in the spectruni of a 
sun-spot, Huggins, in 1S64, first employed the displacement 
of the lines to determine the velocity of Sirius in the line of 




Consequently the expression 



66,6 shows 



coUimatton. He observed that the wave-length of the F-Iine 
had increased 0,109^/1; the velocity of light — 297.100 knir 
per second, and the wave-length of the /**-Hnc = 486, 5;^;^^ 

297100 X O- 109 
486.5 

that^ at the time of the observation, Sirius and the earth N\ere 
receding at the rate of 66.6 km. per second : but the eartli was 
itself moving from Sirius at the rate of 19.3 km., so that the 
speed of the latter is reduced to 47*3 km. Subsequent 
observations, with improved instruments, led Huggins to^ 
modify this to 29 — 35 km. per second. Similar investiga- 
tions of the stars and nebula have been made by H, C* 
Vogel, Seabrokei and the Greenwich astronomers, Lockyer 
and Young have employed the method for the determination 
of the velocity of portions of the solar atmosphere, so far as- 
they move in the line of collimation. The speed with which 
changes take place is enormous, and often resembles a violent 
cyclone; the rising and sinking masses of gas in the spots- 
attain a velocity of 30 to 50 miles per second, whilst that ul 
the prominences is frequently 1 50 km, (100 miles) per second pi 
and occasionally twice as great. 
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Fatty acids ultra-violet absorption-spectrum 182 

Fixed stars spectrum 208 

Flame-spectra, apparatus for producing 52 

Flint-glass refraction coefficient 13 

Fluorescein absorption-spectrum 176 

Fluorescence and absorption 79 

Fluorine 125 
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spark-spectrum 133 
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spark-spectrum 135 
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spark-spectrum 141 

I^w of exchanges (Kirchhoff) 6, 76, 197 

objections to 77 
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diffraction 17 

dispersion 14 

homogeneous 15 
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pairs 82. 91 

spectra 69 
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Fraunhofer 76, I5». 186, 189. 191, 200 
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(Rydberg) 84 
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Luminiferous ether 11 
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arc-spectrum 143 
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speciro-colorimetric determination 144 
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Miniature spectroscope 29 
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automatic adjustment in position of 24 
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of matter, investigation of 69 

Molecules, atomic movement of 70 
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Molybdenum 14& 
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Nitrogen 148 
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spectrum of electric discharge in liquid 150 
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Normal lines, Rowland's table of 191 
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Orientation of spectra Ii3i I35 

<r-Orionis spectrum 209 
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Oscillation frequency 67 

Osmium ' 153 

arc-spectrum 153 

spark-spectrum 153 

Oxygen 153 

band-spectrum 154 

compound line-spectrum 154 

elementary line-spectnim 154 

inorganic radicles infra-red absorption-spectrum 1S4 

liquid, spectrum of electric discharge in 150 

Oxyhacmoglobin absorption-spectrum 176 

Oxyhydrogen flame 51 
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Pairs 82, 91 

Palladium 154 

arc-spectrum 155 

spark-spectrum 155 
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Phosphorus 155 

band (flame) spectrum 155 

line (spark) spectrum 155 

l*hosphorescence 79 
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Photographic plates (Abney) 62, 188 

(Schumann) 61 
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Phviographic plates without gelatine for ultra-violet rays 61 
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Photosphere 303. 204 

Planets spectrum 2og 

Platinum 156 
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spark-spectrum i0 

salts absorption-spectrum 15(1 

Piticker's tubes 58 

Pocket spectroscope 39 

Potassium 156 

arc-spectrum 157 

flame-spectrum 156 

spark-spectrum 157 

Potsdam system. 7 

Praseodymium spectrum 201 

nitrate absorption-spectrum 124 

Pressure, influence on spectrum lines 72 
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Rutherfurd's 26, 44 
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Prominences, solar 42, 205 
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Quantitative spectrum analysis 39, 118, 119. 121. 144 
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refractive coefficient 13 

Quinine sulphate for observation of ultra-violet rays 60 

Quinoline red absorption-spectrum 176 
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Red stars 209 

Reduction of AngsirOm's to Rowland's scale 94 
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prism 22 

Refraction coefficient 13 
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Representation of spectra 68 

Reversal of spectrum lines 72, 203 
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Rubidium 158 

arc-spectrum 158 

flame- spectrum 158 

spark-spectrum 158 

Rule. Kundt's 78. 17S 

Ruthenium 15S 

arc- spectrum 158 
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Safranine absorption- spectrum 176 
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of an element 81, 84 

Silicious flint-glass refractive index 13 
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spark-spec irum 160 
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arc-spectrum 161 

spark-spectrum 161 
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spectrum 208 

Slit construction 22, 48 

introduction 16 

lube (collimator) 22, 48 

wedge-shaped 44 

Snell's law 13 

Sodium 161 

arc-spectrum 162 

flame-spectrum 161 

spark'Spectrum 162 

(D) Ime 4. II, 16, 18, 76. 207 

Solar atlas. Angstrom's 6, 188. 189 

Cornu's (ultra-violet) 7, 1S8 

Rowland's 7, iSu 
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velocity 206, 212 

faculx 203, 205 

nucleus 203, 204 

prominences • 42, 205 

spectroscopes 41 

spectrum 6 

absorption of ultra-violet region 202 
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Solutions, spectroscopic examination 64 

Spark gap, introduction into circuit §5 

spectra 3 

production 55 
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influence of magnetic current 75 

pressure 72 

temperature 72 

of different elements, interrelationship 8, 87, 89 
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firs>t order (Plticker and Hittorf) 71 

second order I*li\cker and Hittorf) 71 

recording of (Bunscn) 68 

in accordance with number of vibrations 90 
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relationship to atomic weights 83, 91 

Spectrographs 43 

Spectrometers 35 

Spectrophotometer 39 

Spectroscopes angular vision 20 

direct vision 28 
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Spectroscopic charts 188 

instruments 35 

Spectrum i» 92 
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Spectrum analysis, applications i, 8, 40, 92, 136 
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history 2 

physical basis 11 

province i 

quantitative 39, 118, 119, 121, 144 

band 69 

change of, dependent on alteration in atomic vibration 70 
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constancy in the same order 71 

continuous i. 69 
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discontinuous i 

invisible, observation 60 

line 69 

lines, widening 72, 75, 205 

of an element different from that of its compounds 5, 71 

electric discharge in highly rarefied gases (PlUcker) 5 

orientation 6, 67, 135, 186 

pure 16 

reactions, delicacy 95 

Spontaneous reversal of spectrum-lines 72 

Stars spectrum 208 

red 209 

shooting and meteors 210 

white 208 

Stellar spectrometers 43 

spectroscopes 41 

Strontium 162 

arc-spectrum 163 

spark-spectrum 163 

chloride flame-spectrum 163 

compounds flame-spectrum 162 

oxide flame-spectrum 163 

Sub-series, first and second (Kayser and Runge) 82 

Substituting groups in organic compounds 17(; 

influence on position of absorption-bands 179 

Sulphur 163 

band -spectrum 1C4 

line-spectrum 164 

Sun chemical composition 190 

light as an illuminant 63 

physical condition 203 

spots 203, 204 

Survey, spectroscopic, of the sky 43 

Swan's carbon-spectrum no 

Symmetrical path of rays through a prism 14 

T 

Table fur reduction of wave-lengths to Rowland's scale 94 

Tantalum 164 

Telluric lines in solar spectrum 151, 186, 201 

Tellarinm 1(24 

band-spectrum 165 

spark-spectrum 105 
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Tellurium bromide absorption-spectrum ^. . 165 

chloride absorpiion-speclrum ^ « • .*« 165 

Temperature influence on absorption-spectrum. 77 

spectrum lines 72 
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electric arc 54 

spark 55 

Terrestrial lines of solar spectrum, see Telluric lines. 

Thallium. 165 

arc -spectrum • 166 

flame-spectrum 166 * 

spark-spectrum ■ 1 66 

Thorium * * 166. 201 

spark-spectrum « 166 

Thulium 167 

spark-spectrum 167 

oxide band-spectrum ■ 167 

salts absorption-spectrum . • ^. . «^ * 167 

Tin 167 

arc-spectrum 16S 

spark-spectrum... 168 

oxide band-spectrum 167 

Titanium 168 

arc-spectru m . 168 

spark-spectrum 168 

Triplets 85, 89, 91 

Tubes, Geissler's 4 58 

Monckhoven's ^ «... 59 

Salet's V 4 59 

Tungsten » 169 

spark-spectrum « . ; . , 170 

U 

Ultra-red rays, see Infra-red rays. 

Ultra-violet rays , , 60 

method of observation 60 

Unit. Anjfsirom's I2 

Universal spectroscope (Krllss) 38 

Uranium 170 

spark-spectrum 170 

glass, use for observation of ultra-violet rays 60 

Uranium salts absorption-spectrum ^ 170^" 176 

Uranus spectrum. .. 209 
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Water absorption-spectrum 130 
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refractive index 13 
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Wave-length 11, 188 
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White stars 208 
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spark-spectrum 172 
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light (Linnemann's) 63 
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Zodiacal-light spectrum 211 
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Waddeirs De PoDtibua, a Pocket Book for Bridge Engineera. 

16mo, mor,, 3 00 

" Specifications for Steel Bri<lges . 12mo, 1 2ff 

Wood's Trestise on the Theory of the Construction of Bridges 

and Roofs , , . „ * , 8vo, S 00 

Wrigbt*s Designing of Draw-spans i 

Part L— Plate-girder Draws, - 8yo, 2 60 

Fart II. — Riveted^tniss and Pin-connected Long-span Draws, 

§T0, 2 60 

Two parts in one Tolume. Svo, 8 fiO 



Bacin's Experiments upon the Contraction of the Liquid Vein 

Issuing from an Orifice. (Trautwine.) Svo^ 

BoT«y's Treatise on Hydraulics* * 8vo, 

Clmrch's Mechanics of Engineering. .8yo, 

Diagrams of Mean Velocity of Water in Open Channels 

paper, 

Oof^n'i Graph Solution of Hydraulic Problems. . 16mo, mor., 
Flather's Dynamometers, and the Measurement of Power.l2mo, 

Fol weirs Water-supply EngLneering, ,8vo, 

IVixeH's Water pcTwef. ... , . » . . -Svo, 

Fliertes's Wat^r and Public Health . « < ^ . ^ I2mo, 

" Water-flltrttion Works. l2itio, 

Qangnillet and Kutter's General Formula for the Uniform 
Flow of Water in Rivers and Other Channela. (Her- 

ing and Trautwine.) Sro, 

fiaaen's Filtration of Public Water-supply. , , , .8^0, 

HasilehurBt'e Towers and Tanks for Water-works. ... 8vo, 

Hersehers 1 15 Experiments on the Carrying Capacity of Large, 
Riveted, Metal Conduits. 8?o^ 

e 



2 Oi 
6 00 
6 00 

1 m 

2 

3 00 

4 00* 
6 00 

1 60 

2 SO 



4 00 
3 00 

2 60 

t 10 



Masoo's W&t«r'flupply. (Coniidered PriDcip&Ilf from m Sani- 

taxy Standpoint.) , ,*,.Sto, 4 00 

Mem m aril's Treat tse od Hjdmulict , .Sro^ 4 00 

* Mieh}«'t Elem^ntfi of Analytical Mechanics. ^ , ^ Of 
Schuyler's Re««rvoirt for Irrigmttonp Watcir^powerj uul DomMtie 

Water- iuppJy ^.Imrgt Btq^ 5 00 

Turn«aiiT« and RuaseLL Publtc Water-ftuppliet %yo, i 00 

WegmiiJiii'i Ocfligo and Construction of Dama. .itOj 6 00 
Water-supply of the City of K«w York from 1058 to 

1895 4to, 10 00 

W«iabEieb*a Hydimulica and HydrmuUc Motofii (Du Bolt.) . ,8t<h 5 Ot 

Wilson'a Manual of Irrigation Engineering. ........ .Small Svo, 4 00 

Wolff's Windmill aa a Prime Mover .8vo, 1 00 

Wood*! Turbines. , - . . .8to, i SO 

^ Elements ot Analytical Mechuuca. Svo, 3 00 



HATEBIAXS OF EHGIKEEEIHe. 

Baker' t Treatise on Masonry Const ruwti on , Sto^ 5 00 

Blaek'a United States Public Works Oblong 4to, 5 00 

Bovey* Strength of Materiala and Theory ot Strueturea 8to, T 10 

Bnrr'a Elaaiicity and Reaiatanoe of the MatVTiais of Ibagineer* 

ing .8vo» 5 00 

Byme'a Highway Conitruet ion » , *8tov S 00 

•* Inspection of the Mflteriaia and Workniaiialiip BSm- 

ployj^d in Construction. ^ . ^ ISmo, 3 00 

Church's Mechanics of Knginfiering. 8iro, 00 

Du Boia'ft Mechanics of Engineering. Yoh I, .Small 4tOj T 60 

Johnaofi^s Materials of Construction Larf^e ^vo. A 00 

Eeep's Cast Iron , * Sto, I ft 

Lanza Applied Mechamca «...8¥o^ T it 

Marten B^fl Handbook on Teftting MatenalH. (Hennmg.KS v., Hvo, 7 50 

Merriirs Stones for Building and I)econi tion. .8vo» 6 00 

Merriman'a Teirt-book on the Mechanics ot Materials. Svo, 4 00 

Merriinan*B Strength of Materials. . . 12nio, I 00 

Metcalfs Steel A Manual im Steel-iisera* 12mo, 2 00 

Patton** Practical Treatise on Foundations, .8to, 5 00 

Kockweirs Roadi and Pavementa in France. . - * , 12mo, 1 £5 

Bmith'i Wire: Its Use and Manufacture. * . ... .Bmall 4t4V 1 00 

** Materials of Machines. J2mOr I 00 

Snow's Principal Species of Wood: Their Characteristic Proper- 
ties, (in prepaTfjtion,) 

Spalding's Hydraulic Cement , ISsoo^ 2 00 

** Teirt-book on Eoada and Parementa. . . 12mo, 2 00 

Thurston's Materiols of En^neenng. . , .3 Parts* Sto, B 00 

Part I. — Non-metallie MateriaU oi Engineering and Metal - 

Inrgy , .8tOp 8 00 

Part n.— Iron and Steel tvo, 3 10 

Part — A Treatise on Braaes, Bronziea and Other Alloys 

and Their Constituenta. 8vo» 2M 

Thuraton'a Text-book of the Materials of Construction. ... .8vo, 5 

Till»on's Street Pavements and Pavinj* Materiali. Sto, 4 00 

Waddell's De Pontibus. {A Pocket-book for Bridge Engineers.) 

Inmo, morocco^ 3 00 

•* Specifications for Steel Bridget 12mo^ 1 ti 

Wood'a Treatise on the Reai«tAnee of Materiaia, and an Ap> 

pendix on the Pre«ervation of Timber.... ..Svo, t 00 

* Klementi! of Analytical Mtchanies , 8m 100 



RAILWAY KN0IKE£EIIia. 



.iidrews's Handbook for Street Railway fEnglneers- SxS in. mot,^ I 25 
Jerg's Builditiga and StTucttires of Amencaii Eailroadfl. . .4to, 5 00 
Erqoks'B Huadbctok of Btreet Railroad Loc&tioQ-^ I6mo, moroeoo, L S& 

Butta'A Civil Engineer'* Field-book *16ino, morocoo, t M 

CVuidftli'e Tr&ti£itioD Curve. ... 16mo, morocco, 1 SO 

Ray way and Otber Eartbwork Tables ....8yo, 1 SO 

Daw ton'i Electric Railways and Tram way ». Small 4to^ half tnor., IS 50 
" ** Engineering *' and Electric Traction Pocket-book* 

|5mOf moracca, 4 00 

Dredge'ft Hifltory of the Pennsylvania Railroad: (1879.) .Paper, 6 00 
* Ditoker'B Tunneling, ExploeiTe Compounds, and Rock Drilli. 

4 to, balf morocco» 26 00 



rtsher's Table of Cubic Yards. . Cardboard, 26 

Oodwin'a Railroad Engineers' Field-book and Explorsri* Guide, 

16mo, morocco, 2 60 

Howard 'a Traneition Curve Field -book. ....... t6mo, morocco^ 1 50 

Hudsoti's Tables for Cakulatmg the i^ubic Contenti «if Blxca- 

vationia and Embankments. ... .Svo, 1 00 

Na^le'e Field Manual for Railrond Engineers ]6mo, morocco, 00 

PfailbHck'B Field Manu^tl for En^neers. 16mo, morocoo, 3 00 

Pratt and Alden'fl Sireet-railwuy Road-bed..... 8vo, 2 00 

Searlee'i Field Engineering. , . iGmo^ morocco ^ 3 00 

** Railroad Spiral. Idmo^ morocco, 1 60 

fkylor'i Friamoidal Formula and Earthwork Svo, 1 60 

* l^utwineTi Method of Calculating tbe Cubic Contents of Ex- 

cavations and Embankments by tbe Aid of Dia* 

K^rams Svo, t 00 

* •* The Field Practice of Laying Out Circular Curvee 

for Railroads ^ . 12mo, moroceO} 2 60 

* " Cross-section Sheet • Paper, 26 

Wehb'i Railroad Construction... 8vo, 4 00 

WeHington'e Ecouotnic Theory of the I^ation of Railways. , 

SmaO BwQ, 6 00 

BEAWIFQ. 

Barr's Kinematics of Machinery. 8ve, 2 iO 

* Eartleit's Mechanical Drawing. , . .8vo, S 00 

Cooiidge'a Manual of Drawing. .8vo, paper, I 00 



Durley'B Elementary Text-book of the Kinematics of Machines. 



Hili'a Text-book on Shades and Shadowa, and Perspective. 8 vo, 2 00 
Jonea's Machine Design: 

Ptat I.— Kinematics of Machinety . ... . .Svo, I 60 

Bwt n.— 'Form, Strength and Proportions of ParU. . 8to, S 00 

MacCord'a Element* of Deflcriptivc Geometry ..8vo, 3 OO 

** Kinematics ^ or, Practical Mechanism... 8vo^ 5 00 

* Mechanical Drawing * ^ . ^ ^ ........... . -4to, 4 00 

" Velocity Diagrams. »Svo, 1 60 

*Mahan*s De»criptive Geometry and Stone^cutting .8vo, 1 60 

Maban-s Indoetriai Drawinic^. (Thompson.). Bvo, 3 50 

Beed's Topographical Drawing and Sketching. ,4to, 5 00 

Eeid's Course in Mechanical Drawing. .Svo, 2 00 

** Text-book of Mechanical Drawizkg and 13ementarj Ma- 
chine Design Sto, 3 00 

BobinsoD's Principlee of Mechanism. . . Svo, 3 00 

8 



Bmith's Manual of Topographical Draviiig. (McMill&nO Svo* 2 CO 
Wftrren'ft ElemenU of Plane and 8oJid Free-hand Geometrical 

Drawins ........ , 12mo, 1 (W 

" DraftiDg Inatnimenta and Operations. l2mo, 1 2fi 

*' Manual of ELementarj Projection Drawing. . . . l2mo, 1 50 
** Manual of Elementary ProblemB in the Linear Per- 

epecUve of Form and Shadow , ,,,.12mOp I 00 

** Plane Problems in Elementary Geometry... 12mOf L 36 

** Primary Geometry. 12mO| 75 

** Elementa off Deaeriptive Geometry, Shadow and Per- 
spective ..... . Svo, S 60 

** General Problems of Shiidea and Shadows .Svo, 3 00 

" Elementa ol Macbine Co oRt ruction and Drawing. ,8vo, 7 60 
Problems; f Theorema^ and Exam plea in DGscriptive 

Geometry /.8vo* 2 60 

Weiibach'a Kinematic* and the Power ot Tranamiiaion, (Herr* 

matin and Klein Bvq, 6 00 

Whelpley's Practical Instrnetioo in the Art of Letter En- 
graving , — , , , 12mo, 2 00 

Wilaon'a Topographic Burreying , , . , ,Syo, 3 60 

Wilscm** Free-hand Perspective .tvo, £ 60 

Woolff Elementary Couree in Deacriptive Geometry. , Large Sro, 3 00 



EIECTRICITT ANB PHYSICS. 

Anthony and Brackett't Text-book of Phyaica. (Mmgie.) 

Small 8vo, 3 00 
Ant bony 'a Lecture-notes on the Theory of Electrical Measur- 

ments 12mo, 1 00 

fiemmmin'a Hiitory of Electricity. .Svo, S 00 

Benjamin's Voltaic Cell , , . -8vo, $ 00 

Classen^s Qantitative Chemical Analysis by Electrolysis. Her- 

rick and Boltwood.) ♦ . .8vo, 3 00 

Crehore and Squier*s Potaruing Photo-chronoffrapb. . . . . ,8vo, 3 00 

Bawson's Electric Railways and Tram ways.. Small 4to, hall mor.« 12 60 
Dawson's " Engineering and Electric Traction Pocket-book. 

10mo» morocco, 4 00 

ilather's Dynamometers, and the Measurement of Power. . 12mo« 3 00 

GiJbert'a De Magnete. | Aiottelay.) .....fivo, 2 60 

Holman^B Precision of Measurements. .8to» 2 00 

" Telescopic M*rror-acale Method» Adjustmenta, and 

Testa ..... Large Svo, 76 

Landaner'i Spectrum Analysis. (Tingle.) , ..,,8vo, 3 00 

Le Cbatelier^i High-temperature Measurements. (Boudouard-^ 

Burgess.) . , 12mo, 3 00 

LOb'a Electrolysis and Electroiynthesis of Organic Componndi, 

(Lcrrenic) ...12mo, 100 

Lyons'! Treatise on Eleetromagnetie Phenomena Svo^ 1 00 

*Mtchie. Elementa of Wave Motion Relating to Sound and 

Light .8vo, 4 00 

Niaudet'a Elementary Treatise on Electric Batteriea (Fish- 

back.J 12mo, 2 60 

* Farthall and Hobart's Electric Gene rators..SmaU 4 to, half mor.^ 10 00 
Byan, NorriSj and Hostie's Electrical Machinery. [In preparation.) 

Thurston** Stationary Steam-etigiDes ^ ........ . .8vo, 2 60 

•Tillman. Elementary Lessons in Heat.,.* Svo, 1 60 

Tory and Pitcher. Manual of Laboratory Physiea. .Small Bvo, 2 00 





LAW, 



* Davis. Elemenlfl of L«.w. ^ , .8vo, 2 SO 

♦ " Tre&tUe on the Military Law of Vuited St&t^. ,8vo, 7 00 

• Sheep, 7 BO 

Mflnuiil for Coiirts-martiai. . , Hmo, morocco, 1 50 

Wait's Engineering and Architectural Jurispnidence. 8va, 00 

Sheep, 6 m 

" Imw oI Operationa PreLiminaTj to Conatruction in En- 
gineering and Architecture Svo^ 5 (10 

Sheep, 5 50 

" Law of ContractB - , ^ - , ^ . - .8to^ S 00 

Winthrop'a Abridgment of Military Law.. *..l2n)0, 2 00 



MAMTFACTURES. 

Beaumont 'a Woollen and WoTBted Cloth Manyfacture 12mo, I 00 

Bemadou'a Bmokelefla Powder — Nitro-cetlulo&e and Theory of 

the Celluloie Molecule. . ^ f^mOj 2 00 

Bolland*a Iron Founfier ........ I2mo, cloth, £ 00 

** The Iron Founder " Supplement , . . lEmo, 2 00 

*' Encyclopedia of Founding and Dictionaiy of Foundry 

Terma Uaed in the Prtt<?tice of Moulding . 12 mo* 00 

Eij^lpr'a Modem High Eacpioeives . . * , .8vo, 4 00 

Effront'ii ^zymea and their Applications. (Freteott.)*. .Svo, 00 

Fitzf^erald^s Bostfju Machinist ISmo^ I 00 

Ford'i Boiler Making for Boiler Blakere ......... *ldmo, I CNI 

Hopkina*fl Oil-cbemiats* Handbook . .4, . Sto^ 00 

Keep's Cast Iron 8vo 2 00 

Leach*R The Inspection and Analysis of Food with Special 
Heferonc-e to Statf* Control, {In prepdratlon.l 

Hetcalfa Steel. A Manual for Steel-user?.. 12mo, % 00 

Metcalfa Cost of Mannfai;turea — And the ^dminiatntion of 

Workahopa, Public and Private. Svo, 5 00 

Meyer's Modem Locomotive Construction ito* 10 00 

* EeJaig*B Guide to Piece-dyeing. .8vo, 25 00 

Smith's Press working of Meta!s. ..... 8vo, 3 00 

" Wire: Its Uae and Manufacture. .Small 4to, S OO 

Spalding's Hydraulic Cement. L2mOp 2 00 

SpencerB Handbook for Cbemists of Beet- sugar Housea. 

16mO} morocco, 00 
Handbook for Sugar Manure turera and their Chem* 

ists. ^ ............ , , I6mO| moroecOi 2 00 

Thurston's Manual of St«am-hoileia, their Deeigns, Construc- 
tion and Operation. ,8to, 00 

Walke's Lectures on Exploaivea .8to, 4 00 

Weit*ft American Foundry Practice. 12ino» 2 00 

" Moulder's Text- book * l£mo, 2 00 

Wiechmann's Sugar Analysis , .Bmail 81^0, 2 00 

Wolfl^'a Windmill as a Prime MoTcr , Svo, 00 

Woodbury's Fire Protection of Mills , 8to, 2 00 

MATHEMATICS. 

Baker's Ell iptic Functions .8to, I Ml 

• Bafts*a Elements of DifTerential Calculus .l£mo, 4 00 

Bnfiu»*^ Elements of Plane Analytic Geometry ......ISmo, 1 Ot 

Chapman^s Elementary Course in Theory of Equation!. . . ISmei, 1 09 

Compton'a Manual of Logarithmic Computations 12mo, 1 00 

10 



Dktis'b Tntroduetion to the Logic of Algebm Bvo, 1 iO 

^Bickaon't College Algebra .lArge l2mo, I fiO 

EAl&ted'& Eleroentft of Ueometnr ^ ^ » ,8vo. 1 76 

•* Elementary Synthetic Geometry 8vo, 1 50 

^JohiiJOii'B Thtee-pljice Logarithmic T&blee: Vest-|»ocket sue, 

pap., 16 

100 copiw for 6 00 

• Mounted on heavy cardboard, 8 x 10 inches, 25 

10 cKjpieft for t 00 

** ElementftTy Treatiae on the Integral Caluutu^. 

Small Svop I 60 

Ourre Tracing In Cartaaian Coordlnat«a. ..... 12mo, 1 OO 

'* Treatise on Ordinary and Fartial Differential 

Equations Small Sto, 3 60 

'* Theory of Erran and the Method of Leaat 

Squares .l^mo, 1 50 

f « Theoredeal Mcchanica .Itoo, 3 Ot 

Laplaoe's Philosophical Essay on Probabilitiea. fTruacott and 

Emory. )^ - - - .................. ..... 12ino, 2 00 

* Ludlow and Baae. Elements of Trigonometry and Ixigarith' 

mic and Other Tables. 8vo, S 00 

" Tngonometry. Tablea published aeparataly. .Each, 2 00 

Herrtnian and Woodward. Higher Mathematica. ........ ,8vo, 5 00 

Herri man's Method of Leaat Squares Bto, 2 00 

Bic« and Johnson 'a Elementary Treatise on the DlfTerential 

Calculus Small 8vo, S 00 

* Differential and Integral Qilculus. 2 voIk 

Ln one. .......... ^ . Small SrOf 2 60 

Wnod'i Elements of Co-ordinate Geometry ..8vo, 2 00 

" Trigometry: Anaiytical, Plane, and Spherical. .12mo, 1 00 



MECHANICAL ENQINEEBIirO. 

MATERIALS OF ENGINEERING, STEAM ENGINES 

* AND E01LE2S, 

Edwin's Steam Heating for Buildings. ...Itmo, 1 00 

Barr'fi Kinematic* of Machinery Bvo, 2 fiO 

• Bartlett'fl Mechanical Drawing , Svo, 3 00 

Benjamin's Wrinklea and R^scipes ....l2mo, 2 00 

Carpenter's Experimt*ntal Engineering. . , .Svo, 00 

* ' H ea ting and Ven tllati ng B uUdings , .\ Svo, 4 00 

Clerk's Gaa and Oil Engine. . . , .Small 8vo, 4 00 

Coolidgc's Manual of Drawing. .... Svo, paper, 1 00 

Cromweli's Treatiae on Toothed Gearing Usmo, 1 50 

** Treatiae on Belta nnd l^illeys 12mo, I 60 

DurZey'a Elementary Tcjtt*book of the Kinematics of Machine. 

{In preparation,} 

Hath er^B Dynamometers, and the Meaaurement of Power ,.12moj 3 00 

Rope Driving. ............... l2mo, t 00 

Qiiri Gas an Fuel Analytia for Engineers ,,,*.12mo, I 2& 

Hairs Car Lubrication . , ^ .12ino, 1 00 

Jones's Machine Design: 

Part I.— Kinematics of Machinery. . . ,8vo, I 60 

Part n.— Form, Strenpih and Proportions of Parts. .8vo, S 00 

Kent's Mechanical Engineers' Pocket-book. • , . IGmo, morocco, 5 00 

Eerr'i Power and Power TranamisBion ..Sto» t 00 

V 



M&cCord'i KinematicB; or^ Practic&l MeehanJitn ,Bro, & 

** Mecbimieaj Drawing. ,4to, 4 00 

Mahan'B Induatrial Drawing. (ThompaoeJ , 8vo, 3 60 

Pixile'a Calorific Power of l?\iels - . , . .8vo, S 00 

Rfiid'i Course in Mechanical Draw me 8to, t 00 

" Te3tt-book of Mechanical Drawing and Elementary 

Machine Design , . , . 8 vo, 3 00 

Eiohards's Compreeaed Air , 12mo^ 1 60 

Robinson's Principles of Mechanism, 8vOi 3 00 

Smithes Preas- working of Mstais. * , 8vo, $ 00 

ThuratoD's Treat i a* on Friction and Lost Work in Maehin- 

erjr and Mill Work , .8vo, 3 00 

•* Animal as a Miichine and Prime Motor and the 

Laws of Energetics. ISino, 1 

Warren's Elements of Machine Construction and Drawing. .8vo, 7 
Weisbaeh^s Kinematics and the Power of Transmission. (Herr- 
mann— Klein.) 8vo, 6 00 

** Machinery of Transmission and Governors, (Herr- 
mann—Klein,) . Bvo, 6 00 

" Hydraulics and Hydraulic Motors, (Du Boia.K8YO^ 6 00 

Wolff's Windmill as a Prime Mow... fivo, 3 00 

Wood's Turbines, 8vo, 2 60 



00 
60 



MATEKIALS OF ENGOTIEEINQ. 

Bovey's Strength of Materials and Theory ol Structures. ,8vo, 
Burr'a Elasticity and Hesistance of the Materials of Engineer^ 

ing . .... .8vo, 

Church's Mechanics of Engineering . * , , * B^o, 

Johnson's Materials of Conatmctlon, ............. .Laiige Bvo, 

Keep's Cast Iron ........................................ 8 vo, 

Litn^a's Applied Mechanics dro, 

Martans's Handbook on Testing Materials. (HenningO 8vo» 

Mernman'a Text- book on the Mechanics of Materials. . . . 8vo^ 

^* Strength of Materials 12mOp 

MetcalPs Steele A Manual for Steel -usera. , ^ ^ . 12m o^ 

Smith's Wire: Its Use and Manufacture - .Small 4to, 

" Materials of Machines. 12mo. 

T1iurston*s Materials of Engineering .3 vols.t 8vo^ 

Part n.— Iron and Steel 8vo, 

Part rn, — A Treatise on Brasses^ Bronzes and Other Alloys 

and their Constituents. , dvo, 

Hurston^s Teit^book of the Materials of Oonsimction . . . .8vo, 
Wood's TSrefitise on the Resistance of Materials and an Ap* 

pendLx on the Preservation of Timber 8vo, 

** Etements of Analytical Mechanics 8vo, 



T SO 

5 00 

6 00 
ft 00 
2 50 

eo 

50 
00 



00 

00 
1 00 
8 00 
3 60 



t 60 
5 00 

£ 00 
3 00 



STEAM EKGOTES AHB BOEUBBS, 

Oamot's Reflectiona on the Motive Power of Beat ( Thurston.) 

i2mo, 1 90 

Dawson^ Engineering " and Electric Traction Pocket-book. 

lOmOj moroceot 4 00 

Ford's BoHer Making for Boiler Maken ...ISmo, 1 00 

GosB*8 Locomotive Sparks 8vo, 2 00 

Hemenway'a Indicator Practice and Steam-engine Economy- 

12mo^ 2 00 

Hutton^s Mechanical Engineering of Power Plmnti 8vO| 6 00 

" Heat and Heat-enginei. . . , .Svo^ 6 (10 

12 



Keai'a 8 te«m boiler Econoiny, TTTTr^TT .8vo, 4 (Kl 

Kneafts^H Practice and Theory of the Injector. . Sto* I GO 

MacCord's Slide-valyea . 8to, 2 00 

Meyer's Modern LoconiotSve Construction. ... ,4to, 10 00 

Peftbody'i Manual of the Steam-engine Indicator, 12ino^ I 99 
Tables of the Propartiea of Ba turn ted Steam and 

Other Vapors. , Svo, 1 00 

** TheriQodjnanaicff af the St^m^engliie and Other 

Hetit-engmea ,8to, 5 00 

*' ValTe-gcars for St earn -engine .Svo^ 2 50 

Peabody and Milter. Steam boilers. . . . . , , Bto, 4 00 

Fray's Twenty Years with the Indicator, , . . .Large BwOf 2 GO 

Pii pin's Thermodynamics of Reversible Cycles in Qaaes and 

Saturated Vapors. <Osterberg-> lEmo* 1 20 

Reagan's Locomotiye Mechanism and ^ogineering l^mo, 2 90 

Bontgen's Principle of Therm odynamlcs, (Du Bois.) 8to, 5 00 

8iuc!air^a Locomotiye E^ngine Running and Management. J2mo, 2 00 

Smart's Handbook: of Engineering Laboratory Practice 1 2mo^ 2 50 

Sncrw'i Steam-boiler Practice, 8vo, 3 00 

Spangler's Valve-gears, , *.,8vo, 2 flO 

" Not^ on Thermodynamics 12mop 1 00 

Th union's Handy Tablee . . . , 8vo, I (50 

^ Manual of the Steam-engine. . . « 2 vola, 8vo, 10 00 

Part T. — History, Struetnre, and Theory. .8to, 6 00 

Part 11, — Desigti, Construction, and Operation. .8vo, 00 

Thurston's Handbook of Engine and Boiler Trialik and the Use 

of the Indicator and the Prony Brake .Syo, 5 00 

" Stationary Steam-engines. .... 8vo, 2 60 

" Steam-bojler Explosions in Theory and In Prac- 
tice 12mOj 1 60 

** Manual of Steam-boilers, Their Desigiu, D6nstrue^ 

tjou, and Operation. 8ro, S 00 

Wei«ibach'a Heat^ Steam, and Steam enginea. (Du Bois. j . .8vo, 5 00 

Whithsiu's Steom-enjpno Design. ........ 8vOj 5 00 

Wilson's Treatise on Steam- boilers. (Flather.)., I6mo, 2 60 

Wood's Thermodynamics, Heat Motors, and Refrigerating 

Machines .8vo, 4 00 

MECHANICS Aim MACHINBIIT. 

iBarr's Kinematics of Machinery..., Sto, 2 60 

Bovey's Strength of Materials and Theory of Structures, .dvo, 7 60 

Chordal.— Extracts from Lettera 12nio, 2 00 

Church's Mechanics of Engineering. . , , , ^8vOj 6 OO 

'* Notes and Example* in Mechanies. 8vo, 2 00 

Compton's First Lesions in Metal working. , .....ISmo^ 1 60 

Compton and De Oroodt The Hp<^ Lathe .,l2mo, 1 W 

Cromwell's Treatise on Toothed Gearing. 12m o, 1 60 

•* Treatije on Belta and PuJleyt. 12mo, 1 60 

DiLna's TcJtt-book of Elementary Mechanics for the Uie of 

Colleges and Schooln . 12mo, 1 60 

Dinjfe/s Machinery Pattern Making. . 12m o, 2 00 

I>redge's Eecord of the Tmnsportation Exhibits Building of the 

World's Columbian Exposition of 1803 4tc^ half roor.« 6 00 

I>u Bois'a Elementary IMncipIea of Mechanics: 

Vol. L— Kinematics - 8vo, 3 6i 

Vol. n.^Utic» > . . .8vo, 4 00 

Vol m.—Kinetics , . . , .8vo, 3 60 

Dn Bois's Mechanics of Engineering. Vol. I Small 4to> T 60 

•* « « ** ydi.U . .Small 4to. 10 OO 

t8 



lymlvj'B EletDcntar; T^^bcxik of the Kinematics of Macklnei*. 

{In prepmraHan,} 

FitEger&Id'a Boston Machimst 16mo, I (JO 

Ilather'fi DjuftmometeTft, and thd M«ft»ureme]it of FowflZ'* 12mo, S 00 

Kope Driving. * , , lEmo, 2 00 

Gofla's Locomotive Sparka , ^ . 8vo, 2 00 

H&O'b Car Lubrication « IZmOg 1 00 

Holly^t Art of Saw Filing * - - , l»mo, 75 

* Johnson's Theoretical Mechaiiics l!2mo^ 3 00 

Johnson's Short Courae in Static by Graphic utd Aigebraic 

Methods, (in preparation,} 
Jonefl^B Machine Design: 

Part l*^Kinematic« of Machinety ^Svo, 1 50 

Part IL — Form, Strength and Propcirtiosu of Fftrti. ...8vo, 3 00 

Kerr's Power and Power TraQsmisaioa 8to» 2 00 

LauE&'s Applied Me<?ha]iic« « , 6vo, 7 60 

MmeCord's Kinematics; or» Practical Mechanism.... 6to, 6 00 

" Velocity Diagrams 8vo, 1 GO 

Herriman'0 Text^book on the Maehanics of Material! .8to, 4 00 

* Michie's Elements of Analytical Mechanics. , , , , ,Svo» 4 00 

Eeagan's Locomotive Mechsniam and Engineering., 12mOr 2 00 

Beid'fi Course in Mechanical Drawing. ,Sv0, 2 00 

" Text-book of Mechanical Drawing and Elementary 

Machine Design. , , .Sro, 3 00 

Bichards'fi Compressed Air 12mo, 1 50 

Robinson's Principle of Mechanism. 6vo. 3 00 

By an, NorriUp and Hoxie*s I^etrtrlcal Machinery. (In preparation.) 

Sinclair'B Locornotive- engine Running and Mansgement. . 12mo, 2 00 

Smith's Press-working of Metals, t ^ ^ , . Bito^ I 00 

" Mate rial a of Machines , , , i2mo, I 00 

Thurston's Treatise on FrictioB and Loit Work In Machin- 
ery and Mill Work ..-.8vow 3 00 

" Animal as a Maebine and Prime Motor, and the 

Laws of Energetics. Itmis 1 00 

Warren'e Et«ments of Machine Ooostruetlon and Drawing. Bvo^ 7 fit 
Weisbatzh'a Kineioatios and the Power of TransmissioiL 

{Herrman — ^Klein.) SvOp 5 00 

** Machinery of Transmission and Qoremors, (Herr* 

(man— Klein.) .... .....,,«».,,,.... 8to^ 5 00 

Wood's Elements of AuAJytkal Mechanics 8vo, 3 00 

" Principles of Elementary Mechanics ..12uio, 1 25 

* Turbinw ,..,,..BvOi 2 50 

The World's Columbian Exposition of ISM..*. 4to^ 1 09 

E^leeton'i Metallurgy of Bilver, Oold, and Mercury ; 

Vol. L-Sil ver . , Sto, 7 60 

Voi EL — Gold and Mercury.. ,8to, 7 10 

♦* ries's l>ad*amelting , , , , l2mo, 2 50 

Keep's Cast Iron , 8vo, 2 50 

Kunhardt's Pmctiee of Ore Dreising in l urope .8vo, 1 50 

Le Ch&tetiePs High -temperature Meaaurementa. (Boudonard — 

Burgess.) 12ma^ 3 00 

Hetcalf i 8te«L A Manual for Sted^uaeie 12mot 2 00 

Smith's Materials of Machines l2nio, 1 fK> 

Thurston's Materials of l^igineering. In Three Parts 8vo^ 8 00 

Part II.— Iron and 8tc«l ..... .8fo, $ 5U 

Fhrt in.<— A Treatise on Braaaeeii Broncee and Other Alloys 

and Their Constituents Sto, t 10 

U 



HIHEBAlOaY. 



Bftningar's Dttctiptlcm of Minerok of Commmiftl V^lua. 

Bajd'ft HesotiTCfii ol gQuthwest Virginia* * , . Byo, S 00 

Map of Southwest Virginift Fc»ck«t'boDk form, 2 00 

Bimb't MttiiuttI of I>el^rmm*t»v« MiticriJogy, (P^ofiddJ .8vo, 4 00 

ChmtM^* Cfttalogue of Miner&lB. .8vOj paper, 1 00 

Cloth, 1 m 

DictioiiJirj of the NamoB of MiDemli. , 8vO} 3 ^ 

Duia'i ^item erf MlnenJogy, ^L^rfe 8ro, half leather, L2 10 

" FirH App^dix to Dana's N««r " Syaiem of Mmer«iogy," 

L«rgeSvo, 1 OU 

* Tex book of Mineralogy . * - ^ 8to^ 4 00 

" Minemls and How to iStudj Them. . . * IZmo, 1 GO 

** CaiaJogue of Auierican Local it iea of Minerals* Large Svo, 1 00 

* MaDUdl of Mineralo^ a.nd FetrogrEphjr 12mOp 2 00 

l^Zeston^a Catmlogiie of MLOGmlB and SyDonymBt ,8vOj £ GO 
Humak's The Detennination of Eock-formi&g MineraJa. 

( Smith. ) , . . . Small Svo, % 00 

*Peiifleld'i No tee oil Determiiiativa Mineralogy and Record of 

Mineral TesU. * . . Svo, paper, 60 

&oaeiibuBc-h*a Microeeopical Phyaiography of the Eock^tnaki&g 

Mioerulft, (Iddmg'sJ , .SvOj 5 00 

*11]lman'e Text^book of Important Minerala and EoekB,.3TOt 8 00 

Williaraa'a Manual of Lithology .8vo, I 00 



Beard'e Ytntilatlon of Minee. , ISino* 2 SO 

Boyd^a Kesourcea of South weat VirginU ..8vOf 3 00 

** Map of SotithwpBt Virginia Pocket-book fomii 2 00 

* Drinker'B Tunneliugj Exploftire Compoundi^ and Roek 

Drtlla .4io, half morocco, 25 00 

ElMiler't Modem High ExploatYe*. . , . » ^ , . , .8to» 4 00 

Fowler* 9 Sewage Worka Attolvses, 1 2 mo, 2 00 

Goody en rB Coal-mutea of t£e Weatem Doaat of the United 

gtatea 12mo, 2 (Ml 

nUienf^B Maonal of Mining-*..*.^ .,*.*,8tOi 4 00 

Iles'e l>ead-atneiting _ , 12mo, 2 50 

Euohardt'B Practice ol Ore DreBelng in Europe, ,8v0| 1 fiO 

O'DriBcoirB No tee on the Treatment of Gold Orei 8to, 2 00 

Bawyer'ft Accidenta in Mioea. >8vo, 7 00 

Walke'B Lectures on Exptoaivea. ^. %vo, 4 00 

WilMon'B Cyanide Proceseea. 12mO} 1 50 

Wlleon'a Chlorinatlon Proceaa. . * 12mo> 1 GO 

WUacm'B Hydraulic and Placer Mink^. 12m<y, 2 OO 

WUaon'a TreatiM OQ Practical and Theoretical Mine Vaotlia- 

tion I2mo^ I 21 



Folwelf i Seweraga. (Dedgningi Conitructlon and Malntttiamee.) 

8to, I 00 

" Wat«r*«apply Engineeriug* 8to, 4 00 

Fn«rtaa'i Water atid Ptib!ic Health , . • 12mo, 1 50 

Wat«r-ftltration Worki..-.. 12mo, 2 50 



Gerhard's Guide to Sanitar7 Mouse- inspeclioti 16mo, 1 00 

Goodricfi'a Economkal Dispowil of Tcrwrts* RefuM. . .Demy Svoj 8 SO 

H&sen'a Filtration of Public Water-su[^plied * 8yo, 9 OQ 

Kierated'a Sewage DUpoaal . , l2mo, 1 25 



Leach's The Inspection and Analysii of Food with Speetal 

Eeferen€e to State Omtrolp {fn preparation.) 
Mason's Water-supply. (Conmdered Prineipally frcrm a San- 

itaiy Standpoint* 3d Edition, Rew ritten..,*.8vo, 4 QQ 
** Exammation of Water. (Chemical and Baeterio- 



logieaL) , IZmo, 1 £6 

Merriman's EHements of Banitary Engineering. fivo, 2 00 

Nichols's Water-supply, (ConBidercd Mainly from a Chemical 

and Sanitary mandpoint) (1883,) BvOp 2 50 

Ogden'a Sewer Design, Iftino, 2 00 

• Price's Handbook on Sanitation* ISmo, 1 60 

Richard s'fl Cost of Food. A Btudy in Dietaries. 12mo, 1 Ot 

Richards and Woodman's Air^ Water, and Food from a Sani- 
tary Standpoint Bvo, 2 00 

Biehards's Cost of Living as Modified by Sanitary Sdence. 12mo^ 1 00 

• Richari^s and Williams's The Dietary Computer. ,8vo, 1 50 

Rideara Sewage and Bacterial Punflcation of Sewag« Byo^ 9 50 

Tumenure and Ruseell'a Public Water-supplies. ,8 vo, 6 00 

^Tiipple^s Microscopy of Drinking-- water. . » , , , , , . .8fo, 3 50 

Woodhuirs Notes on Military Hygiene.,, , 10n3O> 1 50 



MISCELUiTEOTrS. 



Barker's Deep sea Soundings. .8vo, 2 00 

Smmotut*^ Geological Guid«-book of the Eoeky Mountain Itx* 
cursion of the International Congress of Geologists, 

Large Syo, 1 50 

Ferrel*s Popular Tteatise on the Winds. , , , , 8yo, 4 00 

Haines's American Railway Management 12mo, 2 50 

Mott's Compositionj Digestibility, and Nutritiire Value of Food. 

Mounted chart, 1 25 

" Fallacy of the Present Theory of Sound lOmo, 1 00 

Rieketta> History of Rensselaer Polytechnic Institute, 1S24^ 

1804. Small 8vo, S 00 

Rothtrham'a Emphasised Hew Testarment. l4irge Svo^ 2 00 

** Critical Emphasifte<f New Test&ment 12inOf 1 50 

Steel's Treatise on the Diaeases of the Dog Svo, 3 50 

Totten'a Important Question in Metrology, .8vo, 2 50 

The World *s Columbian Ex position of ia&3 4to, 1 00 

Worcester and Atkinson. Small Hospitals, Establishment and 

Maintenance^ and Suggestions for Hospital Architecturei 

with Plana for a Small BospitaJ. 12ino, 1 25 



HEBREW AHD OHAIBEE TEXT-BOOKS. 

Qreen's Grammar of the Hebrew Ijanguagt Sto, S 00 

** Elementary Hebrew Grammar ..l&nOf 126 

** Hebrew Chreatoinathy Bvo, 2 00 

Geaen jut's Hebrew and Chaldee Lexicon to tlia Old Testainent 

Scnpturea. (Tregdles.) .Small 4tOr half morocco^ 5 00 

Letteris'a Hebreir Bible. .Bvop 2 25 

16 



V. J. 



